28 Decenber 2006 Ligaud RELATED APPLI CATI ONS This appli t'%%hﬂg(%
continuation-in-Part of Intonational Application No. PCT/GL3 5 % 2,
filed on June 28, 2002, which designated the United States, and clains
priority to United 5 Kingdom Application No. GB 0230202.4 filed on
Decenber 27,2002. The present invention relates to dual specific |igands.
In particular, the invention provides a nethod for the preparation of

dual - speci ficligands conprising a first imrunoglobulin single variable
domain binding to a first antigen or epitopq and a second i mmunogl obul i n
single 10 variable domain binding to a second antigen or epitope. Mre
particularly, the:invention rel atebig®d 0 dual -specific |igands wherein
binding to at |east B gf t he flrst and second antigens or epitopes: acts
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20  primexy Tepertoire of V gepes that encode the Vy and v, doeains is produced by the
cornbinatorial. rearrangement of gene segments. 'I'he Vy geae is pmduced by the
o recorpbination of three gene se.'gme.nis V) D and JH. In humans, there are approximately
\) ' 51 functional Vy; segments (CooL and Tomlinsen (1995) Immunol Today, 16: 237), 25
fimetional D segments (Corbett ef al. (1997) J. Mol. Biol., 268: 69) and & functional IH
25 segments (Raverch et al (1981) Cell, 27: 583), depending on the haplolype The Vy
sezment encodes the region of the polypeptde chein which forms the first and second
antigen binding loops of the vy domein (H1 and H2), whilst the v,;, D and JEY segmeg'fs_
corabine to form the third antigen binding loop of the Vy; domgin (H3). The v gene 15
produced bjr the recojnbinetion of only two gene segments, v, and JL. In humans, there
are approximately 40 functional Vi segmeats {8chitble and Zachau (1 993) Biol Chert
Hoppe-Seyler, 374: 1001), 31 fupctiopal V), segments (Williams ef al. (1996) J. Mol.
Biol,, 264: 220; Kawasaki er al, (1597) Genome Res., 7= 250), 5 finctional Jy segments

(Hiieter ef al. (1982) J. Biol. Chem.,257: 1516) md 4 fimctional Jj, segments (Vasicek
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2 and Leder (1990) J. Exp. Med., 172: 609), depending o ype.
The VL segnent encodes the region of the pol ypeptide chgigtrllﬁgﬂlﬁgﬁi@grns t he

first and second antigen binding | oops of the VL domain (LI and L2),

whi | st t he wih.2@@pehsdlo segnments conbine to formthe thipgraBidogfnsdal ndi ng

| oop of the VL domain (L3). Antibodies selected fromthis 5 primary
repertoire are believed to be sufficienily diverse to bind al nost all
antigens with at |east noderate affinity. H gh affinity antibodies are
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(Chothia et al. (1992) J. M. Biol., 227: 799; Tominson et at (1995) EMBO

J., 14: 4628; Wlliams et at. (1996) J Ml. Biol.,  264: 220). Although the
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di abodi es ( Elfdrh@esnsedf 1L, . HE, T993)2 doKL3 eddatidd byAGROmajSaty. of iSdnaRACantibedis -

6448; WO 94/ 13804)

0445, VO 94 L3008 v o ok 0T DR, BSOS b P
Mol . I mmunol, 1483462838 iikanda3d:201, (19860 I£4INBHL) B! 230)2 RithéAdhaHBirbgith &S
(Carter et al., (1997) Protein Sci. 6, 781 28 Decémber 2006, VIO 2004/ 003019
PCT/ GB20% 3/ mocpuwre diverse in terms of sequence, length and structure (due to the use o
“segments), it also forms a limited number of main-chain conformations for short loop
lengths which depend on the length and the presence of particular residues, or types of
" residue, at key positions in the loop and the antibody framework (Martin et al. (1996) J.
' Mol. Biol., 263: 800; Shirai et al. (1996) FEBS Letters, 399: 1.
25 ' ‘
" Bispecific antibodies comprising complementary pairs of v and v regions are known in
the art. These bispecific antibodies must comprise two pairs of yy; and Vs, each Vi/vy,
pair binding to a single antigen or epitope. Methods described involve hybrid hybridomas
(Milstein & Cuello AC, Nature 305:537-40), minibodies (FHu et al., (1996) Cancer Res
30 56:3055-3061;), diabodies (Holliger ef al., (1993) Proc. Natl. Acad. Sci. USA 90, 6444-
6448; WO 94/13804), chelating recombinant antibodies (CRAbs; (Neri et al., (1995) 1.
Mol. Biol. 246, 367-373), biscFv (e.g. Atwell et al, (1996) Mol. Immunol. 33, 1301-
1312), “knobs in holes” stabilised antibodies (Carter et al., (1997) Protein Sci. 6, 781-




3 788). In each case each anti body species conprises two%w di ng
sites, each fashioned by a conplenentary pair of VH and orgn’%’lrr%gdﬁnEach

~antibody is thereby able to bind to two different antigens or epitopes at
the same tiwWgaoohdsthet he binding to EACH antigen or epip Eg}g&z&gﬂdﬁ& £d by a
VH and its conplenentary VL domain. Each of these 5 techniques presents its
particul ar di sadvantages; for instance kn the case of hybrid hybridonas,

i nactive VH VL pairs can greatly reduce the fraction of bispecific IgG
Furt her nor e, 788)stn bachpest kich apipoopcheiesreprion teaaipsnbindingosienf edehe

different V s or, the associ.at o of, VH a VL ns.to, recreate
The i Vashiemel B h Sopieinariag Do et S SV otee b ARty A L e el
control the t6 afnldqo o @ﬁ@&hﬂ& EdsSor ebﬁoﬁé‘ﬁﬂhé‘%egﬁﬂe %tlﬂ-@le%ﬂidﬁé]gﬁ Ebplb%he

assenbl ed nol ecul e and t hus ny of "t he assenbl ed nol ecul es w
one anti gen apfigeapirtepiiepctmedisied by hevipehrbits cqmplsmwara:a\s@éomm Héesh é dlnese

possible to i neer the.heav ht . chai t he sy b- unit faces
(Cartor -dt  dFtaopmesint i qarice dipuees T R
have bi ndi ngysridoasas} MabtBlehvghi | gieisscaar greqiyt Rl fmut fridiibs ofMEMREIficEgE.ts in

all nol ecul es having binding to both antigens or epitopes. 15 There is sone
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cross-reactive antibodi es have been 20 descri bed, usually where the two
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l'ysozyme ang, LAl @ ¥en of Bﬁéﬁﬁmﬁ%%d‘tﬁ&thﬁ s@xtneéﬁses 1t\ﬁg 9&41%335%@0 Blidddr free

hapten and to hapten COI’IJ dgated to carrier fiths AD et al O J 1994
13: 14 3245ﬂsdl)eavmrhghtfqhmhéfrthemm@nteme® wwlgb@ﬁ%mordaﬂ@wamw es)

describes a ,{r?]rg-g,é of BLREULES E]Q %@hg%ﬂ& Tofi] A gens! YCepRBhdsARE Yhis

nmol ecul es re to are antibo alse Or Selfect ed Pagar nst Tl ti pl e
anti gens, sueter tdselts in ki molesples hivig bigdisptorimtinatigetshaepitopesi ngl e anti gen.
Each corIPI enentary VH VL pair in the anti bodies of WD 02/02773 specifies a
single binding specificity for two or nore structurally related anti gens;
the VH andTktredie rmnmse\ndensejcthatcmvp kiiffoemt aantibaquiyi bmdnig sfp@mﬁaaeah nigitsbss a

separate specifi CI ty. he ant | es t have a hro e specificity
wht eh enconfeaBRiisio, s i PRa e, UG MR Epfhacily Rprorioi, g more
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Both are | olhet Segroadl, ors aoie. B pevinle SRR oD b B are
‘not st r yet ugakdied! @étﬁﬂﬁdrheﬂetthg Srdaapeheire 20864 inRqa&{24 /2080 3Biktre, such as
PCT/ GB2003/ 002504
hen egg white lysozyme and turkey lysozyme (McCafferty et al.,, WO 92/01047) or to
free hapten and to hapten conjugated to carrier (Griffiths AD et al. EMBO J 1994 13:14
3245-60). In a further example;' ‘WO 02/02773 (Abbott Laboratories) describes antibody

molecules with “dual specificity”. The antibody molecules referred to are antibodies

25  raised or selected against multiple antigens, such that their specificity spans more than a

single antigen. Each complementary Vg/vy pair in the antibodies of WO 02/02773
specifies a single binding specificity for two or more structurally related antigens; the vy
and v, domains in such complementary pairs do not each possess a separate specificity.

The antibodies thus have a broad single specificity which encompasses two antigens,
30  which are structurally related. Furthermore natural autoantibodies have been described
| that are polyreactive (Casali & Notkins, Ann. Rev, Immunol. 7, 515-531), reacting with at
least two (usually more) different antigens or epitopes that are not structurally related, It




4 has also been shown that selections of random peptide 5 %?:?Jn#b%iﬁ(ﬁ% usi ng
phage di splay technology on a nonocl onal antibody w | 'éen ITy a range of
pepti de sequences that fit the antigen binding site. Some of the sequences
are highlywebmifderof i tting a consensus sequence, whepgpepthuilshsadr € very
di fferent and have been terned m notopes (Lane & 5 Stephen, Current Opinion
in I munol ogy, 1993, 5, 268-271). It isgherefore clear that a natural

four-chain anti body, conprising associ ated and conpl enmentary VH and VL

domai ns, has hethaspbeaarthbah tha stlbaiibns of radym Giepiiderrepdrionns hg@aNFhdek AYAy! ar ge

uni ver se of antigens., It i. ess, .l ear howtq create a binding site
to two gi vente%ﬁr}%ﬁ 3 OQ%@nalﬂﬂéoégn‘fﬁngﬁggy ﬁé?”cgt"’@g PERtidg seapsgeesitdi ar e
not necessarthé yntizen bdidiigitey SoRk afF @itk Sehﬂexﬁéﬁitei}ﬁl%@)n I REL fithlks _g%ﬁggg&ls have

r exa

been suggested that .may hagve a bearjng on this. Fo nple it has al so
“been propos&f G _e’(%f Bﬁ‘ﬁsiaée 4o | Sagt B ihavebecs rteraed dnamotopes (Laserddi ng
activity st o Steped, Burte@OpRIAUSE MrRRBol¥ S, '19@,?5,%?@'75‘). ItaiQ%etré}‘fn% n%%?ghgga

(substrate) through contacts with the nmetal ion and a conple

variabl e dor&! (ipBi-Hhian entibady, cqeprisyes asegiated Nl complerdentByi Vi/SAd90,

6385- 6389) . i LS. case. the binding an catalysis of the
substrate ( ' F@é@%ﬁsi@%h&eﬁ%ﬁ gor E’Bgé%glaflﬁ r}i?tl&ﬁ%}t r38g$%%{ﬂnhgﬁﬁ§e Yuverse ofet al
ion (secondnewn imgigeps. Iistss cleer liwth arepté 8 bindig\die W tiRR piveMBntfgRhPiQge 0 @

si ngl e but | £] = C onent ~antigen. 20 Methods, have been described for the
creation of %%%@%P?X%%@f%ﬁ?ﬁ%ﬂ@%ﬂpggﬁﬁ@pessgﬂy spistralheslatede hai n si ngl e
domai ns 1bn whi ch binding contacts for one antigen are created in one
variabl e dogmin, and for a second antigen in a second variable domain.
However t he WA ShfRectnganstodsdrve brsh sBagesire thah may haverp bearing onr tis. Feavy

chai n var i ablaplélritisnulics &l @63d61 AR \sokalficl bfiBba? BhUIGHR orddh RS ONd
heavy chain variabl e domai n 25 agai nst a second ant’i gen, and then Dot h
“domai ns ar ePP{RR @EH e av@ptabien treugiens venable domaingindetoz hhiptapasitisirate)

-anti body fragiBn okt idth hehetdl ion ﬁ%d adgénﬂ lem vafdide d Izi%ﬁ??%égsgeﬁl)%y ar e

However the camel heavy chain sing MAl NS ar e unusua
der i ved!¥ r M3 aeq Mgt Aga|SchHBALS:P2]5-6380) Hdveaver indhisicgdy thettandisg amind

i ndeed the Heawys &Rl j i | e to .associate with canel
‘light chains to ki orm E&hg%aﬁ‘g@ﬁtag?w&r r?ge{ytgggweﬁ% i ngspﬁéxpgleﬁi% chai n
vari abl e ddfefond aptigen).aThs Bedindies tor thb ety vdesitiug delitento naingledut nad-i bodi es

whi ch are nar nal éﬁe%?soci ated with [ight chains (from nonocl onal anti bodies
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20  Methods have been described for the creation of bispecific antibodies from camel
antibody heavy chain single domains in which binding contacts for one antigen are
created in one variable domain, and for. a second antigen in a second variable doﬁain.

" However the variable domains were not complementary. Thus a first beavy chain variable
" domain is selected against a first antigen, and a second heavy chain variable domain

25 against a second antigen, and then both domains are linked together on the same chain o
give a bispecific antibody fragment (Conrath et al., J. Biol. Chem. 270, 27589-27594).
However the camel heavy chain single domains are vnusual in that they are derived from
natural camel antibodies which have no light chains, and indeed the heavy chain single
domains are unable to associate with camel light chains to form complementary Vy and

30V pairs.

Single heavy chain variable domains have also been described, derived from natural

antibodies which are normally associated with light chains (from monoclonal antibodies




or fromrepertoires of domains; see EP-A-0368684). These Reauymhsiqd

vari abl e domai ns have been shown to interact specifically wth one or nore
rel ated antigens but have not been conbined with other heavy or |ight

chai n vari st mofl@smbns to create a |igand with a specpé&igiogsdoggost wo or
nore different antigens . Furthernore, these single 5 domains have been
shown to have a very short in vivo halfslife. Therefore such domains are
of limted therapeutic value. It has been suggested to nake bispecific

ant i body f r a§diRfts TERPTIPITGK Ph glomeiRgy seeh BP 036808 B | hesro e WY clfin giatislde ent
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chai n thé cdmbenahierbeoh shovm orhanoe eerydhdrt ér v hilBhfey Thérefore anali datnbifs
domai ns and bl oci ation, possibly via their 15 hydrophobic

i nterfaces, a}ﬁgﬁh]ﬁnﬂg’éghefapteﬁtécrﬁwebm binding to one in not both of the |igands
they are able to bind in isolation. Mreover, in this case the heavy chain

~variable d i ns woul d t be .associated . wih conplementary |ight c¢hain
var i abl 6 dodiBifeaAUEERIEY B eute PEMAY AP Pisl IYRBRASTY CVR n &

Pl uckt hun, $Q88leRionuiedrdifidtent fpecitiold 20ether (24 UeSHBBEREDOVEY. Thb @ishdgikd on The
i nventors hayve described, in their cgpending_ international patent
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conpri se inmmunogl obulin single variable domains which each have
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specificgity ] I otein pel.ypept i de

pr esent ‘}f n 'I\l)l%\}/%}hpﬁmé!rl]{e%g’nr%l%rﬁ mﬁg@&c@oﬁx@@tﬂ& lggo ?%%#erﬁ ggtglﬁ)g ﬂﬁeglf&?ﬁ fe of
the |igand thyy biendblagottind in iRGtidec avfbepve06thidNsE R4 /HeD30diRin variable

PCT/ GB2003/ 902804 Acenrdingl Lh a first. as t, .there.i r.ovi ded a
dual - speci f?ogmﬁ'%g‘ggudé%?rg? g%?‘%%%“?*ﬁ“&?’ﬂem%ﬁ%ﬂ%gfhgﬁhw il a’é“i‘%ﬁ%ﬁ%‘g%ﬁ’ le
domai n havi thgs mapibedessgtabpemdf seadilyyurifald fWoirn 84 Pladitthge 1998 BihehiaRe 3and a
second conpisei%_% ary i nmmunogl obulin single variable domain having a

20

Summary of the invention

The inventors have described, in their copending intemnational patent application.WO
103/002609 as well as copendiﬁg unpublished UK patent application 0230203.2, dual
25 speciﬁc immunoglobulin ligands which comprise immunoglobulin single variable
domains which each have different specificities. The domains may act in competition

with each other or independently to bind anfigens or epitopes on target molecules.

In a first configuration, the present invention provides a further improvement in dual
30  specific ligands as developed by the present inventors, in which one specificity of the
- ligand is directed towards a protein or polypeptide present in vivo in an organism which

can act to increase the half-life of the ligand by binding to it.




bi nding activity to a second antigen or epitope, wherein or, b of
said antigens or 5 epitopes acts to increase the half-1Ii fzgrigefmtﬂﬁégﬁ%gand in
vivo and wherein said first and second domains |ack nutually conpl enentary
domai ns whived 2@lyagseist he sanme specificity, provided thatpgsbddsedigds specific
| i gand does not consist of an anti-HSA VH domain and an anti-(3

gal act osi dase V. domain. Preferably, that neither of the first or second
variabl e donmmins binds to human serum al bumin (HSA). 10 Antigens or

epi t opes whi e¥opiditelada firs atpsrt thejefie pofvided hidyalrtbecific tigaalrdobpesighaim ar e
advant ageousiyRLSSEH el NS O |l ypept i.des found in _an organismin
vivo. Exanples i%cl uéleﬁlg%}??gé:%h uqm;ﬁ}n %‘?&D@&B?Bgéﬁ? 1c1ty 1, & 4755 28H&s N, and
protei ns prewénme ind a eerndvsmplemsntey immunhgobrligadihgeyaTing &Hn@iiﬁ‘ihﬁﬁn%%t to
reduce the r i cl earance 15 fromthe bl ood, for exanple by
acting as buﬁcﬁ%écalé’iég%g 9 s%‘%ongf EHEFPIRYCt WBTPRGae @ bathert saidsitigenssitt e of
action. Bxarpliess abtsantihgens/ RPhilOpRSoMBE Hadd'F 998 SndWnkicld {64 il VinO are
given in Annex dbeI.ow %ncreased half-1ife is useful in in vivo
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rapi dly, and,s6s fks I cg an sier to handle, their in vivo
applicati onsohav%ﬁgeeﬁhh?lrﬁgtséﬁ&b@b%%ﬁ??%nl y brief persistence in vivo.
The invdAtion solves this problemby providing increased half-life of 25

t he |i gands i LV onseguent |y .| onger  persistence tinmes in the body
of the funcfA=n g%%‘% Ogae F ?R/e%tngﬁlgg “Ecﬁeéls‘%/fbﬁgl?‘?g&‘fﬁ/b‘f?h%&ga%?s feserhed dswsiners c

anal ysi s anedvistagronslpaprent oh pro@aRtorBdlipdptifi® Wiunk #€an TodilhichAk t hose
skilled in the jrt.. Dﬁt ails m& be f ou?](%:l_i{?#Kennet h, Aanet(ﬁjéayni:s}na "eﬁ%ﬂ’gm 30
Stability of “PHAFELEAT exmcslivly maty mseRing dloghprotines, gnds proteinsi presest ar s et
al, Phar mcedtionetissuaal 181 33anfnl e bk@ahs ARRS SakRe () LRAGE d S al so
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edi tion (19@2)ed WaidBRcGSS Chi o173 i I Copacanet ers.such as t al pha
and t beta _half lives and ar gasun%@%ﬁ@lééﬁégv‘gm?&%‘?%%ﬁhfgi”?/é’é’o@’EE%

al pha and t@@engedanexhbielawC can be deternined froma curve of serum 5
concentration of ligand against tine. The WnNonlin anal ysis package

(avai l able from Pharsight Corp., Muntain View, CA94040, USA) can be used,
for exanpl dncreasedrdddftlife he useful m in vivo applications of immumoglobulins, especially

20 antibodies and most especiaily antibody fragments of small size. Such fragments (Fvs,
disulphide bonded Fvs, Fabs, scFvs, dAbs) suffer from rapid clearance from the body;
thus, whilst they are able to reach most patts of the body rapidly, and are quick to produce

~and easier to handle, their in vwa applications have been limited by their only brief
persistence in vivo, The hlvenﬁdﬁ solves this problem by providing increased half-life of

25 theligands in vivo and consequently longer persistence times in the body of the functional
activity of the ligand.

Methods for pharmacokinetic analysis and determination of ligand half-life will be
familiar to those skilled in the art. Details may be found in Kenneth, A et al: Chemical

30 Stability of Pharmaceuticals: A Handbook for Pharmacists and in Peters et al
- Pharmacokinetc analysis: A Practical Approach (1996). Reference is also made to
“Pharmacokinetics”, M Gibaldi & D Perron, published by Marcel Dekker, 2™ Rev, ex




curve. In a first phase (the al pha phase) the |igand |s érgg%ag%qﬁégoo%m nly

distribution in the patient, with sonme elimnation. (beta
phase) is the term nal phase when the |igand has been distributed and the

serum concepnd i@imthel S decreasing as the 10 ligand is gtfEagadsbdd e t he
patient. The t alpha half life is the half life of the first phase and the

t beta half life is the half life of the second phase. Thus,
advant ageousl y, . the gresent invention provides a |ligand or a conposition
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half-life in,the,ran hours or nore on enbodi nent, the | ower
end of the rBphgaigs %&W%emﬂmms’xsg‘oﬂﬁﬁh%% (Betm gligse) ispthe frymingl phesehour s
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conposition accor di ng to the invention has a t(3 half-life in the range of
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- is 12 hours,md4nd'PYéts halfAifd &Y the HRIOFY Sf R é’e@bﬁﬁig acﬂvﬁnt%%é();ﬁ siff g0

days. Advantageously a ligand or conposition a cor di ng tot ‘enti on
will have a Drosgatiayoption prevides ah@ndangeommsxt@n@@nmmga ligand aaCdrdmg hethe

enbodi nent | n furt h enbodi ment

30 still, |tlh‘\;/v| Fﬁ’“tl)vlaf‘gnd eﬁfgfﬁggqq#%e% hrgﬂl}lses ofﬁméed R o 'ihm P

al t er nat i veltie bowet dvd afhimnangeristemmtest hﬁmﬁmenhomﬂﬂaﬂﬁmmﬂhmﬂwma& 8

| i gand r co Siti |S|n | i gan ccordi t he i nyention

havi ng a A%&“Tﬁgg%% nﬁg? g@ &’Foﬁ%gﬁg (%%8%/?5@3@6’& ‘éeq Fal ue

(area under lightl ¢¢bmPdsifich dcberdin ﬂ@ﬂie@iveﬁndmwmuabm tPhal{TBfeSn thle@ %fu

enbodi nent,  the | ower end of_ the range , 10, 15, 20, 30, 200’ or
%—Ne’ﬁeﬂlf’

300mg. ni n/ nit® adineladipg i 3 hours In oeeaiba uppen qlléé?ﬁﬂieGPﬂ%éﬁbb§ioi9 &
accordi ng tq, §le siiURNtADLBRARIe 8a Aliabletaddiis rlatQQielmuﬁf Zurg St]%é%o&sfgyog n150

I n one embodi nent, the upper end of the range is 500, 40
100, 75 or boufy. mon/ . Advant ageously a |igand according to the invention
wi Il hawg a AUC in the range selected fromthe group consisting of the

followng: 15 to
Advantageously, the present invention provides a ligand or a composition comprising a

ligand according to the invention having a tf half-life in the range of 2.5 hours or more.
In one embodiment, the lower ;end of the range is 3 hours, 4 hours, 5 hows, 6 hours, 7
hours, 10 hours , 11 hours, \.'or 12 hours. In addition, or alternatively, a ligand or
25  composition according to the invention has a tp half-life in the range of up to and
including 21 days.  In one embodiment, the upper end of the range is 12 hours, 24 hours,
2 days, 3 days, 5 days, 10 days, 15 days or 20 days. Advantageously a ligand or
composition according to the invention will have a {B half life in the range 12 to 60 hours.
- In a further embodiment, it will be in the range 12 to 48 hours. In a farther embodiment

30 still, it will be in the range 12 to 26 hours.

In addition, or altemmatively to the above criteria, the present invention provides a ligand

or a composition comprfsing a lgand according to the invention having an AUC




150mg. mn/m, 15 to 100 ng.mn/m, 15 to 75 ng.mn/mM, a

50ng.mn/mM. In a first enbodi nent, the dual specific I|i %grj%cer%ﬁr%ogﬁprl se
two conpl enentary variable |0 donai ns, i.e. two variable donains that, in
t hei r nat uMd? 28#%398nnent, are capabl e of operating tog@l;’lﬁmﬂoatslzwcognate
pair or group even if in the context of the present invention they bind
separately to their cognate epitopes. Fbr exanple, the conpl ement ary

i abl e d d | bl
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C-term nus of the donmain, the cystel nes bei n di sul phi de bonded to et her or

pr oduct iSon 290, 1800L0% A.ors0 meg.mindmlc Ad -hhgand(ﬁccqgglgdp thecinvendien

l'i nkers (f I duce
Gimer s, 11Ny t%ﬁ%%uﬁeﬁ?%é%?@ %é’fdﬁﬁ. S e e 180
use of conpl58memininy, 1iaipil@ nez.wovial, 1§ tafd oamind, andd 5 td SAwigmistmlf aces to
pack together and be sequestered fromthe solvent. Furthernore the 25

conpl enentary domains are able to stabilise each other. In addition, it
al | ows' t he hep &wst mbvdamentmwdusbeeqlﬁ(r hgang@aammnmdtvescmpldmmaryt Vagiable

di sadvant ages of h | ri donas as, us t r|or r he need
to engi ﬂee% %lr%w i ¥ ﬁﬂgﬁff &’aﬁ' H'é%g%rb“ Pe ﬁf e%rb Rﬂ’i
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| east one _VH VL pair.. i specific 1gG according to t i nvention wll
t her ef or e EWYARHqndacy bipd ?@a@ﬁ Yt el coengtgepitones- E?{eéa@ﬁﬂfaﬁwamp MEPRE haped

ol ecul e.  LiddbkeddnRdvemly E’é\ﬁhmuﬁégicﬂﬁﬁhfhbﬁvyad%in%ﬁ'l%t Chaifl vataMlé @6mains

therefore, where the ratio of chal ns used determ native in the success

of the prefrad ¥p- trefnsoYL émaméa@sadmtq@e@m zramde¢ bmsela‘r o1 Bab antibpdy dual
speci f k&l f e.
harn 55 pagfionet e\ BUaRI N B Balci ol IR BRBHAIRRAD R A00S, |
convent i onexarxtple ppeasion of ahingd iesat rtmw@zmlﬁus@ﬁﬁmhe\/abm antd dsnlgifide wo

di fferent V| oget her
o thovn PondeBReatichleibtp I AFEFRLOND of BRI AARS oy GHEL et OF

t oget her wait the\Gitainiius of the dodlakg the cmtelﬂleszj e disgiphider bapked (tp@rt]]ﬂaramd ][ he
two correct alrln to .5 one apot on
when vi crprpfiieon St P s B of Tomrithar 4 e niut of it AE Beplle BRI | b wu
chain 2 i rb)@m@lef@ly%dmiuﬁ&wcﬁsduﬁseblhe&ﬂ%loﬁvb @b bbbdﬁé@ﬂin@éis, s hid fpmei fic
nol ecul es can be created in tw different ways. Firstly, they can be

created bymWHBIE: at i on

- The inventors have found that the use of complementary variable domains allows the two
domain surfaces to pack together and be sequestered from the solvent. Furthermore the

25 complementary domains are able to stabilise each other. In addition, it allows the creation
of dual-specific IgG antibodies without the disadvantages of hybrid hybridomas as used

in the prior :art, or the need to engineer heavy or light chains at the sub-unit interfaces,

The dual-specific ligands of the first aspect of the present invention have at least one
Vi/VyL pair. A bispecific IgG according to this invention will therefore comprise two

30 such pairs, one pair on each arm of the Y—shépeci molecule. Unlike conventional
bispecific antibodies or disbodies, therefore, whv;-,re the ratio of chains used is
determinative in the success of the preparation thereof and leads to practical difficulties,

. the dual specific ligands of the invention are free from issues of chain balance. Chain




of two existing VW VL pairings that each bind to a differ anti or
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pai ri ngs mygd 206 gll together in a 10 1:1 ratio in or
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sanme and are not, bound by a single rmnos&gmflc ligand. In the first
conf i gur at ftiftodtingd fpconeapdgen efepitopRutak e@am%@mﬁwwﬁﬁrmg abi-

anti gens, gpgific ahayyd ;yq ?%ésmmtala&ﬁ@as%&mﬁ dIadb dlff%f%np{fgtcﬂﬁnlvhglat% in

vivo. Likew se, the and second antigens are advantageously not the

same. 8 DiiflEiebeVL zbaes (fmoezeomlﬁ om:admspmﬁu d@zmx/homomsq,oalthm el
f | " d WO
SOf oo, | GRS AbrdiEndd PO Ll R Bl wiel Wiy 1 MRS 4 S RIELWRAY 1 1
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co-operati stead, .t he 5. ing to the first.as of the
i nventi on 36/5?%}5? 5 pav s %eg%chfé’ﬁ@ %F& 19 3 yix fﬂ%@&’ﬁg have
di f f erent wineehyfihediriebBmiridds oo eiat aiehealblb GebiasG iockithel 88pEn bEésiiope.conpri se VH
NL co%I enentary pairs having different specificities for non-structurally

rel at epitopes or 10 antigens. Structurally related epitopes or antigens
are epit O%‘?Sspc%{ﬁc%gttibo [eS Sons V\Quc(i\fed a%cor&mg 150 the dual-specific ligand approach disclosed
herein overcome all of these problems because the binding to antigen or epitope 1 resides within
~ the Vy or Vi domain and the bindir;i:g to antigen or epitope 2 resides with the complementary V,
or Vi domain, respectively. Since VH and V; domains pair on a 1: 1 basis all Vg /Vy, pairings will
- be bi-specific and thus all formats constructed using these Vi /V. L pairings (Fv, scFvs, Fabs,

. minibodies, IgGs etc) will have 100% bi-specific activity.

In the context of the present invention, first and second “epitopes” are understood to be

N 30 epitopes which are not the same and are not bound by'.a single monospecific ligand. In
the first configuration of the invention, they are advantageously on different antigens, one

 of which acts to increase the half-life of the ligand i vivo. Likewise, the first and second

antigens are advantageouély-ndt the same.




sufficient structural simlarity to be bound by a convent
conplenentary pair which acts in a co-operative nmanner f%?% e’gw-ogntlgen
or epitope; in the case of structurally rel ated epitopes, the epitopes are
suf fi ci ent W ®oamdeBap in structure that they "fit" intectisg2@amasdi nding
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di scl osed herein is a ligand conprisingl®& first i munoglobulin variable
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inhibit, binding of an antigen at the s Cond Site. For exanpl e, binding at
the fi rst site at | east partlally inhibits binding of an antigen at a
second siteyy i t he .30 and may for exanple be
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Advant ageously, the two or nore antigen binding sites are in physically
close proximty to one another such that one site nodul ates the binding of

antigen at AadifffseShd@n R 1Baf @ ik AUS ,q%}ag e
and/ or confor m;tl g?lal chang%g Wi ?ﬁﬁ% %E&Pmmnogﬂ%&g ngﬂrlr‘ig)?onIEHI Q'Mh%% The
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aQkcond antigen or epitope binding specificity wherein one or both of said first and second

* variable domains bind to an antigen which increases the half-life of the ligand in vivo, and the

20 .
variable domains are not complementary to one another. .
In one meodiment, binding to-one variable domain modulates the binding of the ligand
to the second variable domain.

25 |

In this embodiment, the variable domains may be, for example, pairs of Vg domains or
pairs of Vi domains. Binding of antigen at the first site may modulate, such as enhance or
inhibit, binding of an antigen at the second site. For example, binding at the first site at
least partially inhibits binding of an antigen at a. second site.  In such an embodiment, the
30 ligand may for example be maintained in the body of a subject organism in vivo through
binding to a protein which increases the half-life of the ligand untii such a time as it
‘becomes bound to the second target antigen and mssoclates from the half-life increasing

protem




non-coval ently. In the case that the domai ns are coval entl;q} %ﬁlpeg
then the association may be nedi ated for exanple by di sul phi s or

a polypeptide |inker such as (dy4Ser),,, where n = froml to 8, eg, 2, 3
4, 5 or 7. wWd2deygangs according to the invention may bgcfaehjilefsdisNt O
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vari abl e dolﬁﬂi’Pﬁ StiRgtwres {% f%rm\ﬂg‘ﬁﬁlﬁ?ta‘?“?mﬂféﬁ Whl“ﬁ‘ bind target mpelacules gid ﬁi?nt of

the invent léafhetah%en,dmaﬂebﬁpmidiﬂg@ubémadfmy Swille St Iégdt enétatiableémald wgd¥ENt . | N

an alternative odi nent of the |nvention, the _dual-specific¢c |igand" 15

consi sts ofpaitigen ie n@seserthe half dife idhe mulimere, Fpr peasnnle gl haalhitides a
Fab- | i kg receptors such as SpA have been used as scaffolds for the grafting of CDRs to generate

ligands which bind specifically to one or more epitopes. Details of this procedure are
described in US 5,831,012. Other suitable scaffolds include those based on fibronectin
and affibodies. Details of suitable procedures are described in WO 98/58965. Other
suitable scaffolds include lipocallin and CTI.A4, as described in van den Beuken ef al., J.
7-25 Mol. Biol. (2001) 310, 591-601, and scaffolds such as those described in WO0069907
(Medical Research Council), which are based for example on the ring structure of

bacterial GroEL or other chaperone polypeptides.

Protein scaffolds may be combined; for example, CDRs may be grafted on to a CTLA4
30 scaffold and used together with immunoglobulin Vy or Vi domains to form a ligand.

Likewise, fibronectin, lipocallin and other scaffolds may be combined.




region where two VH or two VL dommins are used. The variabhe reaigns my be
derived fromantibodi es directed agai nst target antigens or epl fopes.
Alternatively they nay be derived froma repertoire of single antibody
domai ns  2%osi6dnodas t hose expressed on the surface of bit/aBRidtaMs4

bact eri ophage. Selection may be performed as described bel ow. An

enbodi nent may relate to a nethod for przoducing a |ligand conprising a first
i mmunogl obul i n single variable domain having a first binding specificity
and a 25 sebiohe caseribatdhe warishlsglomtninsi are s¢lenigdetiona iV-atriecrepertadiien stlentéchipr a
second (difte - nd| J fhelty, e 1 hot bindi na.

speci ficiti fén:?E & %Sé@s%gg?%%é%p%&‘g’%&%% ihS‘ce‘l’ﬁll %&%‘?“é’%& t?%‘g{rhg%rs]‘g"ggtﬂﬁ%"ﬁ‘%nf life
of the |igameh fommise urtivessahnbizmevrodkorggions sush thatds ftegpsajobe rqcapnise Bcai ng a

first variafle.domin its abili t ind to.a first epitope, (h).

sel ecti ng agéeg%:f%nge% Var i%éﬁdeasr g%?lgn&%?cﬁgt ls)[lhﬁbt}sf iof Qm{v(?rsﬂ‘\t ﬁ@B’P‘B’Og‘S’S 5%‘8%\8

epi tope, 5 3lgdndy andtibilike igddstidbedan IVIODY20BORI N e mewdn{ GyetRherfiragetihe
ligand by its ahilijt o bind to.,said first epitope and to said second

epi t ope. 28P€%8§m@¥%5&w%&£ﬁﬁg§ﬁ@%ﬁ@%@3/ 002804 13 The ligand -
can bind to the first and second epitopes either simultaneously or, where
there is ¢ etition between the binding domains for epitope binding, the
bi ndi ng of &ME™ r&RA RPFHRIFeTHe Bfedaerietrn IBPﬁ]dP?P&dﬁ)Feq&ﬁ&ﬁeH%Pw%ﬁW ocated it s
cognat e epi {RR8 thd HrRieal 1650 0F iH¥BAtablE A6MEhOT The FIGR G sé?;g%%s bEGHS €S

si mul taneous binding to both first and 5 second (and possibly further)

epi t oped? | Yeriahlsidemeinanstlen alered byiIPNAshwdingpr by muiation in erder imenherasdirl
epitoes is RkacBhiHF LARESIe OGS R El%s’ﬁ;@f ably on separate
antigens.. 10 Léil gands a van%é%eousggh%gﬁg%@re I?E{(;ronbi nations, or VH VH
or Vi/VL conbinations of inmmunoglobulin variable domains, ‘as descri bed
above. The ieg;]% . ri ‘ | i HH donai ns rovl ded
that the th onal ﬁgg%?cﬁ igg\égglgcl:ﬁ%i cmlflgl% g‘%ﬁm eﬁqilcz;ﬁe%?‘m\?\'hllsgﬁlq ec(glgl ses the
hal f-1ife ofagnieet. | Ingamdltemativevenidaidnentoof thenmvéttionedy tdual-gpecifiy Skhgyde
(HEL), porcine pancreatic alpha-anyl ase_or NnG:A hcg,. BSA-.link azo
15 dye oOr s°,.°n?%ff? é’ﬁs“‘ %“’Eé’?la&mﬁg"‘@es?ﬁ? 5 FRd Efﬁﬁ‘?%t W%Fe%?,ﬁgiﬁg% JBC
276: 7346- 73b£ion s\l YIPAARS VINddthdigy arotisedhi ch descri be the use of a
specificity for an antigen which. increases half-lifeto increase the half
life of the ligand in vivo. In.one embodinent, said first variable domain
may be sel ertico@ribile réfididinly Beddgived flold &ltibdibd GRRiddhgarBt ARRE AR o

conpl ementary variable donmain. In a further enbodinment, said first variable
domai n epitopes. Alternatively they may be derived from a repertoire of single antibody domains

20  such as those expressed on the surface of filamentous bacteriophage. Selection may be

performed as described below.

An embodiment may relate to a method for prodticing a ligand comprising a
first immunoglobulin single variable domain having a first binding specificity and a
25  second single immunoglobulin single variable domain having a second (different) binding
specificity, one or both of the bilidjng specificities being specific for an antigen which
increases the half-life of the ligand in vivo, the method comprising the steps of:
(a) selecting a first variable domain by its ability to bind to a first epitope,
(b) selecting a second variable region by its ability to bind toa second epitope,
30 {c) combining the variable domains; and .
(d) selecting the ligand by.its ability to bind to said first epitope and to said second
epitope. ' ' '




may be selected for binding to said first epitope/antigeng sence
of athird variable domain in which said third varlabIead?):%%.?&]fnn)%rﬂ)rog
different fromsaid second variable donmain and is conplenentary to the
first donaiW2084/#3918r |y, the second donmi n nay be sel e@cedsB2003t00m8042bSence
or presence of a conplenentary variable domain. 25 The antigens or epitopes

targeted by the Iigands of the inventiéh in addition to the half- life
enhancing protein, m any anti en 0 |top but advant ageously is an
antigen or Tg‘ﬁﬁ%‘ﬂé?a? ﬁ’é‘gt?gletﬁéf’tg"é P??eﬁ‘ Fetmplansensbt 9% | Wﬂ ere

i nventi on pg QYing@ftioh! KEMRE: thel Eiﬁ&h@“dﬂﬂmﬁ@%k 65D EQVHﬁ%ﬂg)Qhe BRI of one

conformati on and i sol at ed dAb nononer gands, 30 speC|f|c for ‘any such
target, pardomem H‘lal’wf?qll‘é@eﬂled?%’é% of %Q%rdqntﬁéfhtt‘? fifs ccggmate spiopesulihong ar get s

nmay be, or oleht, Hhere P4 y&@p{d?] a8 bove 1@{119%? | ARuihedtiClifdif g B & 'bgﬁi il may

be naturally occurrin Ic. I'nthis respect, gand of the
i nventi én reespnBi(and pasei lseﬁnﬂmﬂeﬁpmpea,nml ayethen pribedimenis t’t@rblaqlmag@lﬂlesﬁrsior

agoni st (eq,ﬂgg%&[[%j{agé%nlo h%le%ﬂhseme . 28 Decenber 2006 WO 2004/003019

PCT/ GB2003/ art will appreciate that the choice is.
| ar ge and varled They may be for instance human or ani mal proteins,

cyt oki nes I.ne rec zynes. co-factors for enzynes or DNA

‘bi ndi ng pr(')[g1 PREPEHP P&%?‘éﬁgfpé aﬁ%%mgﬂgﬁmgromh factors include but are
not limted to: ApoE, Apo-SAA, BDNF, Card| otrophin-1, EG-, EGF recept or,
ENA- 78, 5 Eot axi Eot axi._n- 2 oR FCE- |d|

fi br obl*dst &%@&%V%ﬂ&imlwmpﬁ rf et o harf’pfyge?mg BEP G CsF,
GVt CSF, GFof Sﬁmuﬁdydﬂuhﬁ,vah@iemomain@:ad desln%dl-hbobé- Tl h%dﬂd&(ﬂ?ﬂg tbredver! L- 3,

IL-4, IL-5, ]L-6, IL-8 72aa3 IL-8 (77 a.a.), . I'L-10,
|L-11, IL- E%BPI}SE Gi%ieh(i Vapsstomans provided dhat the) Vengdqupaip phichy ﬁWPEﬁlﬁc for an| nhj bin

0, I P- 10, 18&;&%’#&&%&9%$%2{1€%%gf;/ tgesﬁéﬁﬁ “ift Wivo'tddEs nbERLA Henld

r% white .
Lynphotactln eriran in tance, nonocyte colony 1 nhibitory

factor, heezys (HEL),aordnt pangreaticdipha- yI@ﬁoer@@Eca%A)-hnlmliﬁ(iﬂoa a.),

mll a(lg/ﬁé-%(%%%"\%gﬁ%%ﬁeyg% R%Bj% @é{ﬂ@}?f 819\@% {ﬁ?zl nhl%l'?gpa

factor-i (afd WOBRP/23R0Rn2ithddef mhichidescrible theansg bf)m/sﬂiecifmw&bx an gridigbiShichiT- 3,
NT-4, Oncostatin P 4, RANTES, 15 SDFl a,
SDF10, sw?%éﬁ&h%ilg%"&'é?@s?&%ﬁ ‘?@éﬁﬁ&ﬂﬂgﬁ‘ V&F a4, TGR- (3, TGF-02
TGF- 03, tunmour necrosis factor (TNF), TNF-a, TNF-(3, TNF receptor |, TNF

receptor s one e]iﬂibﬂmient MSMEGEMG &/(Eﬁﬁn ﬁﬁﬁ'ﬁ@éeﬂf:te& for Y@ingne s fint epRopeiEGF
receptor 3 , HCCl, 1-309,. HER aé d*—ER 2, HER
3 and b bﬁencee;ﬁ swm@mé%m@me 40%%1[9@ fFlé‘?éBTW?r&rsa{dﬁE“f"ﬁ? lsiomgin

cyt oki nes makrrbe Wlidcted 6 HARIREARE SAY BFlt epitope/antigen in the presence of a third variable

domain in which said third variable domain is different from said sepond variable domain and is

complementary to the first domain. Similarly, the second domain may be selected in the absence

- or presence of a complementary variable domain.

25 .
The antigens 6r epitbpes targeted by the ligands of the invention, in addition to the half-
_life enhancing protein, may be any antigen or epitope but advantageously is an antigen or
epitope that is targeted with therapeutic benefit. The invention provides ligands,
including open conformation, closed conformation and isolated dAb monomer ligands,
30  specific for any such tfarget, particularly those targqt‘s‘ further identified herein. Such
targets may be, or be par of, poiypeptides,. proteins or nucleic acids, which may be
naturally ocourring or synthetic. In this respect, the ligand of the invention may bind the
epiotpe or antigen and act as en antagonist or agonist (eg:. EPO receptor agonist). One.




20 that this list is by no neans exhaustive. An enbodi ”eg%d@éﬁqbgﬁzookhe
vari abl e domai ns are derived froma respective antibody directed agai nst
the antigen or epitope. In a preferred enbodi nent the variable domains are

derived frewomogr@pant oi re of single variable antibody ¢eofeisamaoBi«D scl osed
herein are one or nore nucleic acid nol ecul es encoding at |east a
dual -specific ligand as herein defined. 14he dual specific |igand may be
encoded on aﬁlg‘hggl e nucl ejﬁ aci d nol ecul e; alternatively, each domain nay

1

be encoded Woihs art wall eppresiate that therrbpice i s warieRe Thaygma be dor
encoded by &n&ideehemiwiet ﬁiiﬁaﬁ%ﬁhépcy'fﬂkﬁ:%}ﬂy%ldﬂe@@c%o%@ ieﬂfsm‘{@%@a&&@ [rggrs sed
as a fusion pol ypeptide, in the manner of a sckFv | ecul’e, or may be

separatel y ¢Rpasos PN bindingsuatsinst Pyitablenyiakines ged trewth faciorsrelnds tart awssi ng
chem cal | i ki p&; at, Lixgal BT SEd X l,ei cibds wll
‘be | inked ?lggg‘?ﬁg‘?%gf‘i’gEbjﬁg%?g%’e means. %%JP@CE%’%%%‘%%’ %3%%7%03019
PCT/ GB2003/ Go80y EegxinTh ExpdistZ EpoBAGF-addicRGH-hasic, fibmbitst growilgfebr-s&quence
for. export I j (o] I essi gn and may be .
Fused aith a-a el SRR RCaots BN R R E B ESR FF B i BN 6 e or
ot her conpod@Ry, IGF-H, el €CIi-0p) Wigptay ISUSHES) IL-§ TMPRNLEXEResS), s (?'7‘ -
enbodi nent may be a_vector conpr|5|ng nucl ei ¢ acid encodi hg a ‘dual specific
N

ligand accafdi Hgt B-1thellptedint2, ithldnili-bh. M1 16, AhotTh éE-18nBOE)nEmibimay be a
host cell t C | ncaodi spectl ti | i gand
according to tﬁlféﬁ ’p&gfsbé%%gaﬁ(&ﬁr%%? %‘%ﬁ’@%ﬁ%@@d@’%ﬁﬁ%tﬁ’mb&a%be
conf i g:med Ml_llpnti)mdimhﬂaitofyombemmep' lneonosytd bﬂo@ufnﬂaﬂﬁl'elry eictod, 1ihaﬁ6c9fei eﬁﬁ:&fb%%
article, varia or s on. ows selection of

di s pl ayed VBptei, ﬁ‘&@gﬁ@ﬁ (g:lr?c?-% Er{ﬁ‘? Eée‘ﬂ &k %ﬁé@%& MEB e MGR-3) MgEBnds'
using the ngtipt (67 a.bh)eMDC$6b.a)VEG! ivﬁP-1anﬂpamat1~nﬁ£3&,nivﬁﬁ'Jt3 EffplRy be a

kit conprising at |east a dual-specific ligand according to e present
nmp q S %

i nventi on. Byeipiddressyiter inhibitps Haierd MPEEh IAP-ReNeurhminr Mewe givdwthdangr i se
‘conbi nat i ong. ) 0L p‘ﬁi”@a ; [oYgr T s Ly [SH N o 1al ‘
specific | i%la\?%F’ Rﬁi@”%%ﬁﬂ“ﬁ% a %Jgﬁg?‘n%gr%}%ﬁl)mhi Pg\]gﬁ @ﬁﬁhﬁs, be

| i nked 1oge¥DRlo, iSDRIBe SCHy BCGH] stamn cslt Rxctor! (SCRYAFARONTGFRE TGRIBTISEFRY
conpri se onF }gr nore CH or, domai ns. For .
TGF-B3, tumour necrosis factor (INF), TNF-o,, TNF-B, TNF receptor I, TNF receptor II,
TNIL-1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2,
GRO/MGSA, GRO-B, GRO-y, HCCI1, 1-309, HER 1, HER 2, HER 3 and HER 4.

Cytoléine receptors include receptors for the foregoing cytokines. It will be appreciated

20  that this list is by no means exhaustive.

An embodiment may be, the variable domains are derived from a respective

antibody directed against the antigen or epitope. In a preferred embodiment the variable
~ domains are derived from a repertoire of single variable antibody domains.
25
Disclosed hereiq are one or more nucleic acid molecules
encoding at least a dual-specific ligahd as herein defined. The dual specific ligand may
‘be encoded on a single nucleic acid molecule; alternatively, each domain may be encoded
_ by a separate nucleic acid molecule. Where the ligand is encoded by a single nucleic acid
- 30 molecule, the domains may be expressed as a fiusion polypeptide, in the manner of a scFv
‘molecule, or may be separately expressed and subsequently linked together, for example
using chemical linking agents. Ligands expressed from separate nucleic acids will be
linked together by appropriate means. | ' -




25 exanple, the ligands may conprise a CH1L domain, CH2 ot in,
and/or a CL domain, O, C, C3 or C4 donmains, or any cd%%lgr%g?nﬁ%ﬁ er eof

A hinge region domain nay al so be included. Such conbinations of domains
may, for ewampb#nesar®m ¢ natural antibodies, such as | géx/ab2do90d280ar
fragnents thereof, such as Fv, soFv, Fab or F(ab')2 nolecules. Oher
structures, such as a single aimof ani1kgG nol ecule conprising 30 VH, VL,
CH and CL dommi ns, are envisaged. In a preferred enbodi mrent of the
invention, the variable regions are selected fromsingle ‘domain V gene

Lo UL | . . . RIS
Dobenber 200 Tgss oo R TERRHALS shnsttitte ' SR80 RLBRed et
sur f i’;tce oI fromanrboat ol Imanteé})ﬂesﬁ{bmvgg@d nmay ke fsef wﬁthefclrs]wiﬁmcﬁonmo?ergaﬁha

ngl e anti e repertoire {o
| Zlnt iggen. I nﬁgg%?tg]?%?ércg%f 0@@%&?’%’5}% (Olo??‘/()ﬂ?éﬁggl}nﬁg%eﬁ f’gﬁ %ggegtﬁons&ﬂ%@ﬁ% VEPPhb| e

dormai n ray udpensspressiend 5 for binding to its target antigen or epitope in
t he absence of a conplenentary variable region. In an alternative ,
enbodi nent, the single variable donmains may be selected for binding to its-

target ant Agembelimefint9bea ivébt&rQ&npﬁﬁmﬁiﬁci&n@&ﬂ%‘gﬁigﬁgc{i%%ﬁ’%%é abl e

region. Thus %he first sinpgle variable domain may n the
presence of “FIHHR('s G PESWHIEFREary vari abl e domain, and the second variabl e
dormain may be selected in the 10 presence of a fourth conpl enentary

vari able domajn. The conplenmentary third or fourth variable domain may be
the natl@r a&@hﬁﬁ&’gﬁ‘%wt%l & 348ihs lhtrfﬁlaffﬁtﬁéwﬁévgfé%ﬁngo&@@iaﬂuelispwﬁ%s t he

si ngl e donggand B&bRighgt6 Ble@ekser@inventidan- cognat e conpl enentary donmain - .such as
a "dummy" variable domain. 15 Preferably, the dual specific ligand of the
i nvention conprises only two variable domains although several such

| i gands ma i: Fonl | r. anpl e
tuo such | 1 anrgeor AEBIELFCRIEh M coh Bhited WHAARE, B el o e e

i mmunogl ob©f ianbactarivphags pagtidle, Atariebln atomairsyfor i saleativot ihis elidvod setestion aof
plurality cif.i i ds.are ¢ i,ned.to.forma. tiner. For
exanpl elg t\%ioSp %&?4 ‘éarnzaﬁ% Hﬁ%ﬁ'ﬁs ADQ psé%ﬁ%@?“c“ﬁo'{ag%hsa%”%‘% gg%lgﬁb'fsﬂ"?o%? F%?}ogat e a
t et r a- speciof the praskdudentiod.t Wi || be appreciated by one skilled in the art
that the light and heavy variable regions of a dual-specific |Iigand
produced according to the nmethod of the present invention may be on the
sanme pol yp&ptdnghendnatiodimept may beer kitdoimpeking atdeasth dfabspecific fgdndpemtrdioietoc hai ns.

In the 25 vari abl e regions are on different polypeptide
chai ns, t'h{eh%%ﬁ%ée@%r‘r’ﬁ%n e linked via a. linker, generally a flexible Iinker

(such as a polypeptide chain), a chemcal |inking group, or any other
rtret hod : k nomali-gpegigg lige{ntdé disclosed herein ﬁreferably comprise
combinations of heavyA and light chain domains. For example, the dual specific ligand
may comprise a Vg domain and:a Vi, domain, which may be linked together in the form
of an scFv. In addition, the ligands may comprise one or more Cy or Cr, domains. For
25 example, the ligands may comprise a Cyl domain, Cy2 or Cy3 domain, andfor a Cp
domain, Cpl, Cu2, Cp3 or Cu4 domains, or any combination thereof. A hinge region
domain masr also be included. Such combinations of domains may, for example, mumc
natural antibodies, such as IgG or IgM, or fragments thereof, such as Fv, scFv, Fab or
F(ab’); molecules. Other structures, such as a single arm of an IgG molecule comprising

30 Vg, Vi, Cyl and C;. domains, are envisaged.

In a preferred embodiment of the invention, the variable regions are selected from single

domain V gene repertoires. Generally the repertoire of single antibody domains is




Furt her disclosed herein is a conposition conprising a dual L5
| i gand, obtainable by a 30 nethod of the present |nvent?§%k£&ﬁ%&%kﬁ
pharmaceutically. acceptable carrier, diluent or excipient. y 28 Decenber
2006 WO 20@200H)@6ho PCT/ GB2003/ 002804 17 Mor eover, tBerRmemsdésdanventi on
provides a nethod for the treatnent and/or prevention of disease using a
“dual -specific ligand' or a conpositioeonsaccording to the present

invention. 5 In a second configuration, the present invention provides

mul ti speci fidsnlaygd auashasmrfese ofd“dmpcnte@ bartetiophage. t v proferred epbediernoeagh

vari abl e do kgﬁggﬁ ir of VH

domai ns or EEH lg??nd:%%ﬁ[ﬁ%?ngasl%lneg{ea vant geo@%rgﬁﬁg&maooml nlg are of

non- canelld orlgln, preferably they are human donmi ns or conprise human
framework r ter

framewor k rglgﬂl en% gm%’ 8nt° %ﬂ’é’e’b neﬁ‘i}ﬂﬂ@ %?%quwﬁlsg{éﬁfﬁ%m n as
defined 5n fot}bmdﬁtgbmd t1tmﬁga¢3aﬁge1@br E@mﬁﬁﬁﬁe seifte el cmn;ﬂézgé ﬂ@hﬂﬂér:ﬂcm
Interest. Preferred human fra i,ons ar. ose encoded ermine
gene segment 5P£1‘7 gl]ﬁ"t‘]“ %ﬁ% et Fy’mfﬁ—w H"‘ngﬁ’d e%af"K/H or
VL domai n hlﬁﬂﬁng he 1tslt5rg§rﬁﬁlﬁ%9§%r QpitbpMin H¥ZrredendeVf Uc@ﬁip%t@j? veiile The

- human franmewor ks__may tionally contain nutations, for exanple up to about

5 ani no acﬂ&g’é’Praﬁﬁﬁsth‘b s pinglg Variahle domaingpishbr sekacteddn Ahgyprssenss 106 g tthid:| y in
the human fgampnksy yaadid dbn{ali}? ahll 480l varibhlE dbRYRhiyPhe sl teg dar i abl e

domains in thé multispecific |igands according to the sécond confi guration
of the 19nvdReseats ofeiopeh enmmﬂgeﬂarwamblegenamﬂl@ @h@#@@hﬂmtwdrmfpmh t hat -

oo ) | riallE ABHERIAR HE Ratlif boddlf MRRDIB LA WBRO e ARILRYLF T

cognat e Ilgan S |n ep and s nultaneous

t he vari ablas thtosingle slomm;a H@mgctestttch ot agwatcegnatd gm;dexmntamdomam + |smh. as2b The
inventors h under certain structural conditions,

non- conpl ene ﬁﬁﬁgWB varla e domains (for exanple two |ight chain variable
domai ns or two heavy chain variabl e domains) may be present in a’ligand

such that b ndi f firs t.o a . first .variable |nh|b|ts
e o T3 B e s B B el GBS T R ¢ homgi
such non- cannd,@mmaaystﬁbmmﬁ gy betinpREAtE tdeafiet ey ﬂ&SsaﬁleClﬁgfbﬁi, gorpai r.
28 Decenber 0l

¢ two such ligands can be incorporated into an JIgG or a multimeric
immunoglobulin, such as IgM. Altemnatively, in another embodiment a plurality of dual
specific ligands are combined to form a multimer. For example, two different dual

20  specific ligands are combined to create a tetra-specific molecule.

It will be appreciated bj( one skilled in the art that the light and heavy variable regions of

a dual-specific ligand produced according to the method of the present invention may be

~on the same polypeptide chain, or alternatively, on different polypeptide chains. In the

25 case that the variable regions are on different polypeptide chains, then they may be linked

via a linker, generally a flexible linker (such as a polypeptide chain), a chemical linking
group, or aﬁy other method kmown in the art.

* Further disclosed herein is a-composition comp:ieing a dual specific ligand, obtainable by a

- 30
method of the present invention, and a pharmaceutically. acceptable carrier, d11uent or

exc1p1ent




WD 2004/ 003019 PCT/ GB2003/ 002804 18 Advant ageously, the igi&%&g}%e@?é’%ri ses
two or nore pairs of variable donmains; that is, it conprises a east four
vari abl e domai ns. Advant ageously, the four variable donains conprise

f ramewor ks vod 20amomoueori gin. 5 In a preferred enbodi menpericBSislbiian
frameworks are identical to those of human germine sequences. The present
i nventors consider that such antibodiesiwill be of particular use in |Iigand
bi ndi ng assays for therapeutic and other uses. 10 Thus, in a first aspect
of the secondjerseifer.gbe arepem invehgorpprewidesta innthed forche prambatendar pravéding f or

produci ng a 4.1 LEi.Cekl . mrksing the st.eps of .. a) | ecting a
first epi top?%]%éﬁg?%glh%oacnaédﬁg%gﬁég@géI ?Ii?/ 8" Of‘lhﬂlg)ta(‘ﬁcoéd”f’% F%ﬁﬁ%ﬁﬁsﬁ'ﬁe, b)
sel ecting a mwenting epitope binding domain by its ability to bind to a
second 15 epitope, c) conbining the epitope binding domains; and d)
selecting the closed conformation nultispecific ligand by its ability to
bind to saidn f bacetd sexfipueation] thenResMdingaiion yesand ARkikRBSc 12andwhichur t her
aspect of the secondlﬁ%?nfii)rg%r ation, the inventjion praovides nethod for
preparing a CPBESHCEHE SV HECRSAMRIseRtey Eale domaisn For exemnle | the ligatdsr st

epi t ope bi ndisygcordREBiNphIAGE VY, BorhdifisSbr & Rkd AFeY Diunslhing %a&ﬁ&h&ge%gﬂy, @pd a
non- conpl emeptary secqond epitope binding domain having a second €pitope

bi ndi ng speciFREs e ohmensamekideriging srofasly thaycerndmiandomginsparcednipgisti es
compet e T or tfish G0N rioUEH Rl drdCorchORHergBlEAN EHIR! | @ARs an

mul ti-specific |ligand may not bind both epitopes si anéousl y, sal

net hod cnprifasieigrit iegions apdhase regigns sbinsigmmgglabilin wiriabipidowpie abidefitieddgn domai n
by its abili j i e I i second epi.t ope

bi ndi ng donaﬂ?e%lk%bgt iﬁtdsbqsé‘{)ﬁ%ﬁ%%%%@gﬁéﬁg&eyﬁugéﬁﬁ%%p%ﬁﬁt ope, C€) conbining
t he epi tope bindi ng domai ns such that the donmains are in a cl osed

conformati on;, C r.. 2006 2004/ Q03019 PCT/ GB2003/ 002804 19 d)
sel ecting t E‘ée c| os@gaag(e;hé AR r?n%rv\:t?img?)g%clo ?nglfs eg@eista@n%nggﬂ, to
bind to . sajaud DFKSt  Sdeamnageoply, ¥ 1,aRW2 said FW8 el Vpdrt VP @ombit ha¥ettnd 0 bot h
said fi r1§t %&qence of FW1, FW2 or FW3 from DP47 or DPK9. The human frameworks may

optionally contain mutations, for example up to about 5 amino acid changes or up to

about 10 amino acid changes collectively in the human frameworks used in the ligands of

the invention.

20 The variable domains in the multispecific ligands according to the second configuration
of the invention may be arranged in an open or 2 closed conformation; that is, they may
be arranged such that the variable domains can bind their cognate ligands indépendénﬂy
and simultaneously, or such that only one of the variable domains may bind its cognate
ligand at any one time. |

.25
The inventors have realised that under certain structural conditions, non-complementary
variable domains (for example two light chain variable domains or two heavy chain
variable domains) may be present in a ligand such that binding of a first epitope to a first
variable domain inhibits the binding of a second epitope to a second Variable domain,

30  even though such non-complementary domains do not operate together as a cognaie pair,




second epi topes simultaneously. 5 Mreover, the inventionyg qgggljn%ga%(% cl osed
conformation nmulti-specific ligand conprising a first epitope binding
dormain having a first epitope binding specificity and a non- conplenentary
second ebi Relp A@46BFBI N having a second aPto a binding ,

specificity, wherein the first and second bi ndi ng speci ??%?ﬁggg&%dgrrpete for
epi tope binding such that the closed ggnformation nulti-specific |igand
may not bind both epitopes 10 sinultaneously. An alternative enbodi nent of
t he above as@@ahtagéouslhethemgaﬂzbcom@ﬂdwommfmogupars afivafiblé Hemaihd) ien id, N

optionally conpr rther b 1).conpris sel ect] third or
further epftop Se%? gfu‘brom Plls qe%‘a‘gnﬁ 3%9&3?%“%% f%'érp%*lﬂ"’ggc RN d
produced, wbeigide fahewp®B offurdh dHgased conformation, conprises nore than
two epitope binding specificities. In a preferred aspect of the second
configuration of the invention, where the nmulti-specific |igand conprises
nore thagn 0z QRéELRE eRboHinBet, Mﬂél fithel SRS lard WRnBdal §811kbsd WP AEmAT € 1N
a closed conformation and conpete for binding; other donains may compete
for bi ndi nEFTBHNGESIRACES: ee t 0 associ ate i ndependently with their cognate
epitope(s). 20 According to the present invention the term nulti-specific
ligand' refers to a ligand which possesses nore than one epitope binding
speci fi ci t yThespragsnb inyerfersi eeasiderAbatrruele prfitpdics vall tehef pagioniat aboieligand

conf or mat i ans that the 25 epitope binding
domai ns of %ﬂdlﬁgwsé?‘sé&grﬁ% 2 a(l"f%@%[}%)g %'rs associ ated with each other,
optionaldy by neans of a protein skel eton, such that epitope binding by one

oPLLoRe  or ik R oS TRSHE ot o SEALARG, T Bedng! igePl ooe

bi ndi ng donmé¢thod forpredahing é.ly’mhispecl’ﬂ]ihgaﬁd mmhﬂmﬁ@dﬁ&ﬂt@ps ofhe cl osed

conformati on of th | i n an .be.ac | ev u5| nmet.h 30 herel n
descri bed.  Qpef 6’3}%%&6?’3 b@g?’ ?}E‘?B’i HfBRSrai ns of
the ligand Wre atltamped second Qplt@ﬁsmﬁd@g adlnmmttby e i h@rbmdonat 4 QBdhlYy Dby

means of a protei a skel eton, such that 28 Decenber 2006 WO 2004/003019
PCT/ GB2503/ 0028621288, epi t ope bi ndi ng by one epi t ope bindi ng domei n does

not conpet &)W t Boabinin@ike éijﬂagémgdm?uo@ﬁ@g R&d epitope binding domain. As
referred to_herein, the term conpetes' neans that the binding of a first

epi tope to®ts sejecting ﬁ‘&’t“éoséﬁ porfpranatpm BuHisPesifipligand by iith Abilitytie BH\M@ paiéd second
epi tope is boungrd Qcbhdepitope and said second epitope.

20 In a further aspect of the second configuration, the invention provides method for
preparing a closed conformation multi-specific ligand comprising a first epitope binding
domain having a first epitope binding specificity' and a non—complementary second
epitope binding domain having a second epitope binding specificity, wherein the first and
second binding specificities éompete for epitope binding such that the closed

25" conformation multi-specific ligand may not bind both epitopes simultaneously, said

method comprising the steps of:

a) selecting a first epitope binding domain by its ability to bind to a first epitope,

b) selecting a second epitope binding domain by its ability to bind to a second
30 ‘epitope,

c) combining the epitope binding domains such that the domains are in a closed

conformation; and




cognat e epitope binding domain. For exanple, binding may n bléed
sterically, for exanple by physical blocking of a bindi SPRYS 280 by
alteration of the structure or environment of a binding domain such that
its affinityoosuashdi ty for an epitope is reduced. 10 bapapidsidss:

enbodi rent of the second configuration of the invention, tﬁe epl t opes may
di spl ace each other on binding. For exanple, a first epitope nay be present
on an antigen which, on binding to its cognate first binding domain,
‘causes steri & hi neslegting thyf clased monformatisinruiitigpeddiveligand by iR abilftpnerbindomal
change therein, ' ' es the i tope. bound .t ecaq bi ndi ng
domai n. 15 Advan%&%ﬁ@@%ﬁ’%ﬁ?%%’q %?dr ée ﬁ%deap ! 093’2%&118# gﬁ?ﬂﬁb ,Salgqﬁmt and
advant ageousl y 40(%gonB@ptop8OsnultahBsssliB0% 90% or nore, and preferably up to
100% or nearly so, such that binding is conpletely inhibited. Binding of
epi topes can be neasured by conventional antigen binding assays, such as
ELI SA, by f|Moressaehe tvhaivnrdveds iciHses confialatieh maiEpEdific ﬁgmﬁyco%{%ﬁsm

t echni ques sugh, as. suf ace £I asnpn, resonance whi ch neasure the mass of

mol ecul es.  SALEhABiGRS Ripdps, domainnRayng a g spitere Rindingyweeifieiy; and a non-
advant ageoushyplearalane Rbdof Cepiopdli dishiingl Q¥Blath Ihdvi i ffe | kope

bi ndi ng speci ?ﬁ;p i_ty{.angS In the %%n%??%aﬁle %ﬁﬂ%eﬂtsg‘%&ﬁge%@g%%ﬁggt and
‘second "epi tBYRLSitYaWhersin A Wi seeond binding spegideitisstrionieta fer episopet bindisgne and
are not . bouR@cbhad tisd RRRSReG tugs L : y i_fferent
antigens or on theﬂzéa?rlgéegnti gen%u?@%%ﬁaégfgag]ég%gqéaysg&fﬁgflggr::’%}ggf’%?pgﬁce
that the§ dép8Ensayslbh a single entity that coul d be bound by a single
nono-specific VH VL binding pair of a conventional antibody. ‘
Experimental ly, if both of the individual 30 variable domains in single
chai n ant i bddayaltemative ertrrdimend of tho ativwesaspect dAhe Jof sticcsecagp@hfigehtjonceipet ed by

a nonospeci tj | VL. | ] ai nst. t j{opes. then those t epi t opes
‘are not ps uf va?ﬁegrﬁlt%o %g’%gglgﬁ Sta(r)]i%ﬁléer\és\geﬁg(lg ecfogt@%’élﬁéaﬁ‘ft’élgm 63 rcoPdi ng
}: (C):T } ggz pg /esﬂmpeill;mél'frgtd_lc_agmin. Fﬂﬁ%@%}g@ﬂﬁl@@miﬂﬂgﬁﬁ@ﬂ{o@@&?}&heﬁhm of gpenf .
cl osed conforpation multispecific |Ligands of the
i nventi gg dgpﬁg’ ed éﬁf?fggg??’gcgﬁﬁ’gs?smoffeg%?itB'goethﬂpﬁ\A%%@‘?B(f‘E?cfgi‘?lg%J&a t he
l'i gands of pieferppdesgt of theantdnd tofl Hgt@onCEMBE HSRntici) RHcR BB Al -syddifd pairs
‘whi ch.bind ﬁ”%] one ar nore antigens or. epitopes co 5 operatjively. Instead,
the |i gands SFESPHPHS f91¢ fan WF@’HPP%W‘SF%#@P%: gt ledshivq ofsaidlemains are

conpl enent ainya \éibshH corifoivhabn Ral rdmpARVRR ARG Diher BAGMs Pk tflggRi N in
each VH VH or. VL VL gg%rr has a different epitope bindi Fqlg s’ﬁe‘é‘%{ |C?§E§, and

the epit opePBREPHY2Y 0 2850018t ingepensisaily Viththeirisegusterrpitape(®f an epi t ope

at one g te conpetes with the binding

According to the present invention the term ‘multi-specific ligand® refers to a ligand -

which possesses more than one epifope binding speciﬁéity as herein defined.

As herein defined the term ‘closed conformation’ (nulti-specific ligand) means that the
25  epitope binding domains of the ligand are attached to or associated with -each other,

optionally by means of a protein skeleton, such that epitope binding by one -gpitope

binding domain competes with epitope binding by another epitope binding domain. That

Is, cognate epitopes may be bound by each epitope binding domain individually but not

simultaneosuly. The closed conformation of the ligand can be achieved using methods
30 herein described.

“Open conformation™ means that the epitope binding domains of the ligand are attached

~ to or associated with each other, optionally by means of a protein skeleton, such that




of an epitope at another site. 10 According to the prese%ﬂ&gﬁ&%&%, )
advant ageousl y, each epitope binding domain conprises an i nmunoglobulin

vari abl e domai n. Mre advant ageously, each inmunogl obulin variable domain

wi |l be ei th@boosoosddol abl e |ight chain domain (V) or a p¥aGhaRsefgavy chain
domain VH. In the second configuration of the present rnvention,mﬁ5 t he

i munogl obul i n donmai ns when present on.,g |igand according to the present

i nvention are non-conplenentary, that is they do not associate to forma
VH VL ant i gedpitofd bidiling by iohe epifopt Sindigl domaspéses hbCedni@tndih asitodefhiduad: i n t he
second configuration of the invention conprise inmmunoglobulin domains of
the same subY fgAter epifppe bindingidomain. yari able 1ight chain domains (VL) or

vari abl e heavy chain donmains (VH). Mreover, where the 20 |igand according
to the invention is in the closed conformati on, the inmunogl obulin domains

“may be of therefers fodesgin theytpian ‘compaiss’aneags At the dindingodianfish epitepretol ifsgand( s)

may not go : ETe MY/ ARk R VB | ' (s) of
the i nve%:lt ngrgn g[g %(l)ttg %%ﬁgs@%%%@%ﬂ?@nﬁﬁaﬁﬁéﬁ%& %@iltcﬁ)erfésg&) é:.hlgg@[l at are
speci fi c t ocagnateleptopeHihdingrddmain.aFor exmpenie dinding meyrhe indibitdd rsterinally, for

Advant ageou t | n | apl.e. | .Aar i |.bodi es
selected'fo?’1 thfﬁﬁ g%l?@¥$£ §€%ﬁﬁ%@£§@#@%@8ﬁ?9gﬁ?¥§%héfg&*@%% 36’5. For
exanpl e, t henvirannerilof a timdmig demaid Guetathatiie aiffdtyat eddig for easpitopa israditcedty hunman
i mmuni sation. Alternative nethods are known in the art, including isolation
from human anti body libraries and synthesis of artificial antibody genes.

9 28 Detenbkra A0Mer enaddd0éid 00 GidGtondChn iz iivd/ (ARS8 Dderdidn, theepiteies aklye

~domai ns advant.ageoysly bind su antigens,.  such as protein A or protein L.
Bi nding to ﬁﬂ%ﬁgﬁﬁ? ?f§“ib§1d31£:ﬁ;{9b@f"‘f‘§’?%ﬂ Bl epitape 3 beIPB%Wté’HtaPﬁg%ﬁfn

-vari abl e doghich%n titfing @ils@¥Enatliidt KRR Bsindif), dasel Sioti@hiBdrahdeddPa sk&ind
example, libraries of reconbinant or nutant domains. 5 Epitope binding
domai ns accyrdns ompeing Pre sofEatinal shAess theisine Hiish displagesthe frifope bewk Bl d and

epi tope i nt@E abhPPindink @Sméihi ch are advantageously on the surface of the
protein scaffold). 10 Epitope binding domains nmay al so be based on protein

scaf fol ¥ or skel etons other than
Advantageously, binding is reduced by 25% or more, advantageously 40%, 50%, 60%,

70%, 80%, 90% or more, and preferably up to 100% or nearly so, such that binding is
completely inhibited. Binding of epitopes can be measured by conventional antigen
binding assays, such as ELISA, by fluorescence based techniques, including FRET, or by

20 techniques such as suface plasmon resonance which measure the mass of molecules.

According to the method of the present invention, édvantageously, each epitolﬁe binding
domain is of a different epitope binding specificity.

25 In the context of the present invention, first and second “epitopes” are understood to be
epitopes which are not the same and are not bound by a single monospecific ligand.  They
may be on different antigens or on the same antigen, but separated by a sufficient distance
that they do not form a single entity that could be bound by a single mono-specific Vi/Vp
binding pair of a conventional antibody. Experimentally, if both of the mdividual

30 variable domains in single chain antibody form (domain antibodies or dAbs) are
separately competed by a monospecific Vu/Vy, ligand against two epitopes then those two
~ epitopes are not sufficiently far apart to be considered separate epitopes according to the

present invention.




i mrunogl obul i n domai ns. For exanple natural bacterial re ors s as SpA
have been used as scaffolds for the grafting of CDRs to(‘zgg)tr?‘é?%ie’é&h%ggands
whi ch bind specifically to one or nore epitopes. Details of this procedure
are descri BexRopanossde 5, 831, 012. Ot her suitabl e scaff ol dericBedosroestshose
based on fibronectin and affi bodies. Details of suitable 15 procedures are
described in WD 98/58965. Ot her suitabl®s scaffolds include |ipocallin and
CTLA4, as described in van den Beuken et at., J. Mdl. Biol. (2001) 310,
591-601, and scaffolds such as those described in W0069907 ( Medi cal
Research Co [ | : | ry re of
bacteri al er?lgéilf’)g%ér w@?ﬁg’ﬁﬁ%’ﬁ?&i}% gﬁgﬁég af’%?gtﬂ% glggﬁho%ga% rdcg'zﬁg:lh?]&esmé%‘fsoﬁsds may
be conbi ned;degcgbedeivalfl @2/02%3Rs Thay, the ligand$ vEthe gmesent jave@iTiondlo ¢ afrfymrisd and

used togeth ] i I LR . ins to forma | tival ent
ligand. Li kgé\nm S‘T’Jg?tb‘gu rgﬁgg‘t P%pé :‘”?‘bcggtélﬁ‘? i"%\@'a{’ng ot le’?e S%%ﬁ%l"&seg#ﬂ%ﬁb@*
conbi neds 2opdrhtivaly. | hiseeadpihe AfandLitebMing e tBK idvefiflor PrefdisblRcbmbhA&dt ndrhe
epi t ope bi ndi ng donai ns of a closed conformation nmultispecific |Iigand

produced acEIPUFREES Y& nrfEtViol 88 WEVEHAgseRly, cpely Watdr 5h, deamainin esaht he
sanme pol ypept ixde al h ativel v . I.Ef.erent I tide.. chains.
In the case%‘h\gfot S 6£P?aa€étd?'{£%?%ﬁ 1‘?&# gmgrﬂ]n g?lpft’%lgél tan%gqé/y%gtgﬁ %3‘113 ai ns,
then they siteg ateesol drakgil thtcthe bindils@F an 8816pB LEGRNIB| WmPetet ¥th Thepihdinker
(such as amﬁpi%nyﬁg% tiage C aint , 30 a chem cal |inking group, or any other
met hod kno t AROSS™Pecenber 2006 WD 2004/ 003019 PCT/ GB2003/ 002804
23 Theifirst and the second epitope binding domai ns may be associ at ed

ei ther coval ent u& or _non-covalently. In the case that the domains are
coval ent |y AS0HEN% e ofhe prasent Haventien crdvantrasaushay easd Aritipat kinding rdomesmpl e by

di sul phi de Baiies Sul NihfiinSRORNI_CARLHIOUABIAR, OMBe d amé;g the, first
and the second epitopes ar e@preferabl y di fferent.(;r hea'lgona %‘%{l}’oreg e part

of , pol ypepimreimeglopulin earighleqdomnin well be sithed 9, variehle dighhelipith domain (gl drya

occurring synthetig. .lp this r ct, the ligand aof the invention nmay
bi nd an epio‘(lr)ag%%le %F & n‘f%laldie%%%%atteﬁﬁﬁe 5‘??"%14:?_ agpn of ﬂ%?_g}ﬂfﬁ?e tpEgionePo
recept ofs ageniiginmogdibuliRP ubBRgs Rinedi feseHOBR! £ %igahd tRGrih! %%E%IQ%& ‘
enmbodi ment have the same 10 epitope specificity, and may Tor exanple.

si mul t aneodBYSRUPH ATF RoReomplsmenta hit dhthay de npl associgptefdrmfa vy, aptisape ar e

B vt ted ot A il HGl ol Med 1R s ERRA MHHE secolf SFne kR o opes
and  bri dgdnvehtioraenipgyza smmbneglekilinl dothaing of the sané swi-typeahariesitat eaidpit t he

choi ce of | es .and nt,i gens. J.s.l ar and varied ey na e for
i nst ance hﬁ%ﬁ&%}n %?ﬁl'ﬂﬁﬁ ? K e\iaﬂgf,)le heavygc%am c%mams (?VH). mogéover,ngere the
20  ligand according to the invention is in the closed conformation, the immunoglobulin

domains may be of the camelid Vyy type.

In an alternative embodiment, the ligand(s) may not comprise a .
camelid Vyy domain. More particularly, the ligand(s) of the invention do not comprise
25  one or more amino acid residues that are specific to camelid Vg domains as compared to

human Vg domains.

Advantageously, the single variable domains are derived from antibodies selected for
binding activity against different antigens or epitopes. For example, the variable domains
30 ~ may be isolated at least in part by human immunisation. Altemative methods are known
in the art, including isolaﬁon from human antibody libraries and synthesis of artificial
antibody genes. . | ' ' '




15 cytoki nes, cytokine receptors, enzynmes co-factors for DNA
bi ndi ng proteins. Suitable cytokines and growmh factors Z?W%%%rg(f% are
not limted to: ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor,
ENA- 78, Eotwxiddendsloaxi n-2, Exodus-2, EpoR, FG-aci di gerkehinbanid.
fibroblast growh factor-10, FLT3 ligand, Fractalkine (CX3C), GONF, G CSF,
GW CSF, GF-(3l, insulin, ITFNy, G-I, 0G-11I, IL-la, IL-1(3, 20 IL-2,

IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), 1L-9, IL-10,

| L- 11, | L- 12The ¥adatils domnhingd 8dvahiageo@sly bind superintig@, ucbasprotaimAiospretan LI nhi bi n

0, I P-10, keratinocyte grow.h fa I j :

ynphot act | Eigieh Papr e i RSt Lbr GrishEL fokded aosy SRBI Mol nd
fact or, nonailywesuah domaihant bepisabted FpmMoCSEamMEdibiBiés af @combindDEr (MBdma. a. ) ,
MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), AMC (69 25 a.a.), MG
MM a, M P- fPBa0%) p-3a, M P-3(3, M P-4, nyeloid progenitor inhibitor
factor-i s(MPIF-1), NAP-2, Neurturin, Nerve growth factor, (3-NG- NT-3,
NT-4, Oncostatin M, PDG- AA, PDGF- AB, PDGF- BB, PF-4, RANTES, .SDF

SDFI (3, SCFEpitepedrindiag dompeias poopsiiesio thespiesent FxpgiionqepPLise gpoiein scafigld (35
TG (33, tunRUkLRRE iRRkStiod 88dsQwhichNi advditgBousliNon (62, subhibe be@@Pp0feid , TNF
receptor 11, Tl\ﬁ)L-l, TPO, VEGF, 30 VEGF receptor 1, VEG- receptor 2, VEG-
receptor 3, s@fPpld), GRO MSA, GRO- (3, GROy, HCCLl, 1-309, HER 1, HER 2, HER
3, HER 4, TACE recognition site, TNF BP-1 and TNF BP-% as well as any
target disclosed in Annex 2 or Annex 3 hereto, whether in _conbination as
‘set forti | Epltbpe batiex demaipnmay disé be besed oo ondiFinasatiatdsor skeldions ethen thsn 23

Decenber 200 / i S
ol ude. r oo npar et aRps hol XA URERA oo R o B RCAH
| L- 10R; | L- 18R, asasaffubdsl fontherpeafong of SDReto gepemstedigasdssehick bingdspsoificalnéx 2 or

Annex 3 and _al sg receptor i.scl.gsed in,Anne rrdte s b

appr eci at ed °FhEt TR PP} ﬁ?egm%yo " pﬁ%cg%%reg%g%sgﬁ]e@eﬁ %esr"ggltolﬁ%' Other

mul ti speci f isgitdblegeafbltd fidhdt ahdswbasepionafiesnettm atd effbadies. details ofishiftabient
antigens), the antigen(s | ed fro is list. Advant ly,
dual spééi fP@CF‘?%ﬁg%E%ﬁ‘ébegng@%gg?g&ésa%e{ S@Efﬁ’%ﬁ?\%’é&d %hl% et glglr?}n%lcgcul es
whi ch coopeiat A4s ¥Nassaiisdd g alah Vieh Betlbarapel. iMol. Bidlu@DODIE0j FOL-608, budly of
2Cti vi £y of Sty s deqbes e QOB AR A TR e, Eid g T |
activity o , i

specific |igaRd ®aPR3AMS10bnPLIBIERY strlctugab bhiterifr GROBLE of Ydthdrdet@perohd t hi s
aspect of the invention, the dual specific ligand may be any dual specific
| i gand, i ncPeldPep§des. | i gand conposed of conpl enentary and/or non '

conpl engptary donmins, a ligand in an open conformation, and a ligand in a

.closed conformation. For exanple, this aspect of the invention relates to
conbi nat i on®ragin weaffolds may be combined; for example, CDRs may be grafted on to a CTLA.

~ scaffold and used together with immunoglobulin Vi or V. domains to form a multivalent

ligand. Likewise, fibronectin, lipocallin and other scaffolds may be combined.

25 It will be appreciated by one skilled in the art that the epitope binding domains of a closed
conformation multispecific ligand produced according to the method of the present
invention may be on the same polypeptid_é chain, or alternatively, on different polypeptide
chains. In the case that the variable regions are on different polypeptide chains, then they
may be linked via a linker, advantageously a flexible linker (such as a polypeptide chain),

30 achemical linking group, or any other method known in the art.




15 domai ns and VL domai ns, VH domains only and VL donai n§8 gmbe%&%r gy I n
a therapeutic context may be achieved in a nunber of way or exanpl e
target conbinations may be therapeutically active only |f bot h targets are

targeted bywébmaindsb@and, whereas targeting one target gtpaf2080d38
t herapeutically effective. In another 20 enbodi nent, one target al one may

provide some |ow or mnimal therapeuticyeffect, but together with a second
target the conbination provides a synergistic increase in therapeutic
ef fect. Pref Eheﬁﬂsyandtthesacymtbépxmﬁesb:hmngl doroying inay el adsosiged bitlice chvalarg sy of

thi s aspect nventj o ected from l'ist,shown in Annex
2. Moreover ngla ‘f%?enblg ﬁ? th Iﬁaﬁeaﬁh"g tﬁ’ﬁ Peings & F?lvaiﬁ‘fﬁ%laéwméiﬁlplm%tm%ns
where one seciafiorcinhybd BEdiftE0EDR &M&&lpﬁd@maﬁssed by cytotoxic cells,

and the other is tumour specific. anpl es of tunour antigens which may be
targetted are given in Annex 3. 30 In one enbodi ment of the second

confi gur ati @n (ivakécahl GofRIRLAS oMe bevedéd, e drsiomMd@ihe &'&Sﬂdbg Yolpd.é rgcted
agai nst the first and/or second antlgen or epitope. In a pref ed

enbodi nent  PHERLY ddfrent.gbhey i b o Bepety efl pplvpentides: pistainsorrmaclsic asidsgl e .
28 December w&Anay W0 aORALOREM:2; RENERA0IFHA0ZEA B0 1ot bARL Godfib POy

domai ns. I n one exanple, the rep ireis a reperto
created in B dden eRjptpa 0F )fimmétaﬂé aplepfeatt eitagenist or agtmlst]étvg, @P@Tpﬂcqqtoﬁ he

oo o ver| ahhiy, OB 5 Pl 8016 6Ll SEE bR Dl

i nmuni sation e sing onai Ns” ca
li brarylo5 &tieps amglﬁstlty;@nd n@urftataxmpmlsmﬂmamxdslbréuﬂ their @imm dﬁm Awltiple
nul ti-speci{]

| rst _epi.top mai n haV|ng a
first epi topg&g %%%%plg%’g%r?%rg‘?ﬁt Ena® Smﬁ‘Srth ‘i‘éﬁﬁ %Yr bogiﬂ'ﬁ &S5 t ope
bi ndi ng doneitepéscare peyvisled ex difftreapinitippes dnnlnd:taﬂ@e&i@afﬂ dah Girdythe dfi®pbd 48t and
second bi ndj ecificitles .be the .sane ar fer nt. 10 Further
di scl osed ﬂberc% iﬁ) § atigen g@&kﬁ%%frb&‘ﬁﬂ{qivﬂﬁ aWP?IPteg?fé EIGGP %Wﬂesc%rl si ng
a first epi4ntigensbisndigegardiondicd. TAYY Mgryabd iferSins@idet Elﬁﬁlanbbfldm&&l P&t city

and a non- co . emen second epit ope _bi nding donai n_having a second
epi t ope™ ’f@’&@ﬂé ‘Fﬁpmﬁ P EPfRct il OFF%W’%HHDgé&}Wgn&lHﬁ@P%

specifici t laﬁtaaree:yfoatﬁ&bh@d cRkviic QITRRY indhdE Bt ﬁelr{opﬁﬁutbd Ebd'A]ﬁES gb g4t the
cl osed conf ti.on,. nmul |-speC|f|c ligand . cannot bind both épitopes
si nul t ane Ot}glﬁ]glg Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin, Eotaxin-2, Exodus-2,
EpoR, FGF-acidic, FGF-basic, fibroblast growth factor-10, FLT3 ligand, Fracialkine
(CX3C), GDNF, G-CSF, GM-CSF, GF-1, insulin, IFN-y, IGF-I, IGF-TI, IL-1a, IL-1B,
20 IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9, IL-10, IL-11, IL-12,
‘ 1L-13, IL-15, 1L-16, IL-17, IL-18 (IGIF), Inhibin c, Inhibin B, IP-10, keratinocyte growth
factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotacﬁn, Mullerian inhibitory substance,
monocyte colony inhibitory factor, monocyte attractant protein, M-CSF, MDC (67 a.a),
MDC (69 a.a)), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69
25 aa), MIG, MIP-la, MIP-1p, MIP-30, MIP-3B, MIP-4, myeloid progenitor inhibitor
factor-1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor, B-NGF, NT-3, NT-4,
Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES, SDF1a, SDF1B, SCF, o
SCGF, stem cell factor (SCF), TARC, TGF-u, TGF-B, TGF-B2, TGF-B3, tumour necrosis
factor (TNF), TNF-a,, TNF-, TNF receptor I, TNF receptor II, TNIL-1, TPO, VEGF,
30 VEGF receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2, GRO/MGSA, GRO-B,
GRO-y, HCC1, 1-309, HER 1, HER 2, HER 3, HER 4, TACE recognition site, TNF BP-I
and TNF BP-I1, as well as any target disclosed in Annex 2 or Annex 3 hereto, whether in

combination as set forth in the Annexes, in a different combination or individually,




Still disclosed herein are open conformation |igands CO”EE‘D%LA?&‘:FQ)%
non- conpl enent ary bi ndi ng domai ns, wherein the domains are specific for a
different epitope on the sanme target. Such ligands bind to targets with

i ncreased woiddop3o19Sim larly, the invention provides pei/Geyabentsl | gands
conpri sing non-conpl enentary bindi ng domai ns specific for the sane epitope
and directed to targets which conprisez24anmultiple copies of said epitope,
such as 1L-5, PDGF-AA, PDGF-BB, TGF beta, TGF 25 beta2, TGE beta3 and TNFa,
for eanpl e KuyirkincTRICPIRST Bistude racepior fou Minformgpie oyigkiep.of-8y[Lah B4 Hs6B: are,
ligands thaj gm0 -QS%O%fdvayﬁsegcéchgp'fd}Qﬁoﬁﬁieykal{&lﬂl BPARRRES oV hitex! PUha
affinity, such that binding to i'ndividaal e_-‘pl topes is not therapeutically
si gni fi cantalsolngteptdre diselosadan hmay i2cintly3. r b 3Gl thie mppiepisied Bhat dhip dist 5 v 30
epi t opes pr.ovi e ke b f ol 1 Nol-IAN : LI opes
oy bt ar gutpS Sl S S ERGee SR Ry bfor B AE puBl 0TS
present s ogifidrent antigeps)pthe aatige(symlaybe selecdebfad tlielidts, such as tunour cells.
In such a situaton, only the abnormal or 28 Decenber 2006 WD 2004/003019
PCT/ GB2003/ 002504 26 di seased cells are effectively targetted by the

bi speci fi c Advgntagwusioc dusli §@cifie lifds inayebeiwnd thi et cypkies i andf other

mul tiple copies, of the sane epitope, Qr.adjacent epit.opes, on the sane 5

t ar get (knd’s)\?lre“é%"sc %PPWW%@“&%@@Y %%{?@W{‘}?W%aho mp@r{hﬁglly i¢

(tertr arr:sr | Pga@lsTOTIR) I igyéﬂﬁagmmfsﬁrﬁ@@i@dsmgnémfm smugll_ 'sigg teRictvity of two .
non- conpl enent ary bi ndi ng domai ns.. For, exanpl e, | gands y he constructe
conpri sing o mcﬁ@lﬂwuwmmmﬁe?nmduaa Sheeififstisang cwg@ofifgamdws ands
are_provi deghahl, 6P pbd\chedindsh kb gBltlor iy Hedision WS LR RpRARNiRIO Y
domain is specific for "a subunit of "said target. The |igand nmay be dineric,
trineric omeapplyatspedific Peastemglyling at ligandgompassd of sepRiemeRiaN FRAQE BOF-di ng t o
the above aspe hdVepLd Coneh oRRAAAD sfa WVIidAR 1T Hcha

di scl osed %gﬁiggkén%eaﬁ%%%f E%Ar??ir%ﬁa{na?qeén_o I'scl oséd %eré%r] is the first

epi t ope bi ndiformationaiFer anamplhethiseaspent of disi invtiobirelatentp eyntinationief dm ar e

non- conpl enentary i I | { ri g Jhat is either VH VH
orvt V@arfqg Sé%dngyﬁgﬁgﬂﬁw&d@&aaﬁ%%ﬂpﬁgﬁﬁ@ﬁg%t%QUI ar Imay Ibe pr epar ed

nanely the use of anchor dAbs, in which a library of dineric, trimeric or

Tho. et 1 chetBy i o SR ebt b6t Shalbeackebbtn o HuiBlr 3 TPEYs> For BuiilE 21"

target combinations may be therapeutically active only if both targets are targeted by the

ligand, whereas targeting one target alone is not therapeutically effective. In another
20  embodiment, one target alone may provide some low or minimal therapeutic effect, but
together with a second target the combination provides a synergistic increase in

therapentic effect.

Preferably, the cytokines bound by the dual specific ligands of this aspect of the invention
25 are slected from the list shown in Annex 2. '

‘Moreover, 'dual specific ligands may be used in oncology applications, where one
specificity targets CD89, which is expressed by cytotoxic cells, and the other is tumour
specific. Examples of tumour antigens which may be targetted are given in Annex 3.

30 ,
In 6116 embodiment of the second configuration variablé domains may be derived from an
antibody directed against the first and/or second antigen or epitope. In a preferred

‘embodiment the variable domains are derived from a repertoire of single




25 or downstream of a linker sequence, with a repertoirezgtmﬁﬁﬁg gthird
and further dAbs being inserted on the other side of the er. For
exanpl e, the anchor or guiding dAb nmay be TAR1-5 (Vi), TAR1-27(VWx),
TAR2h- 5( VHwomoodidda2h- 6(Vx) . I n al ternati ve net hodol ogi est/GBluws/uassof

| i nkers maybe avoi ded, for exanple by the use of 30 non-coval ent bondi ng
or naturall affinity between binding dgegains such as VH and V.. The

i nvention accordingly provides a nethod for preparing a chelating

mul timeric Iviagahiel antibedp dosiaing. tIneorstexpwplof the 2¢peBotre iberre@ddie i is not
2004/.003019 0 £ ( rovidi ng. a vector .conprising. a

nucl ei ¢ aci gga%q%%c%%g%gig%&gdgi Iﬁ%ﬁr&éugbl nar nger 5‘%5? %’ gf?es gl? J m?%}e a
first epitogmenans e tnat golated( () lepsoin phirf) byeanitedt intmw@ricanidindlims,; thp kgl 1 €
conprising second bjndin dg%pains, ﬁﬁecific for a second epitope on said
target, whi S9PaH5%ARBRISI T HBAESNEYSr different to 5 the first epitope,
sai d second epitope being adjacent to said first epitope; and (c)
expressing said first and second bi nding donmains; and (d) isolating those :
conbi nations of first and second binding domains which conbine together to-
produce a tHiegetons iconfienigtion digglosed berqineprevides g mulfitsneeifis figandsomprivag st

adj acent  sugltopdahdifk dBlald IR G Arit9aRke bﬁdﬁ?%@ifﬁit%nd DoadbRgleengt h

epi topes sinmultaneously, This provides the l'igand wth_the advantages of

i ncreased ai¢Peidiepitgpe bgidiagidagamppepga ﬁqﬁendeﬂmt?n?%@@uwseeqlmtys%rstt%
increased aybdatbding spQticticd Bfly BY teRemPoep@RGe of multiple copies of the
epi topeldon the target, allowng at |least two copies to be sinmultaneously
bound in order to obtain the increased avidity effect.. 15 The bi nding
domai ns nmay be associ ated by several nethods, as well as the use of

| i nkers. é@ﬁtheesliaﬁpﬂeéherpinés biloagd popfometivmeulispedthpri se cys resi dues,
avidin and,streptavidin . groups ,or ..ot her .neans for non-coval ent t achnment
Dost - oyt ndeid RRRREA ol B Rt AT 55 ARRpE PiAmER el dn

wi || be i sahdtaedon-Ainydernaitaryedegond epitopk eiindimy domaipr dsdng a28:cbed wpiedpet he
first and second binding.donains,. whigh are expressed_as. a single .

pol ypenti dBMAPEnTRECC NCTRI (B iy g PRl NRRE SPRASFRPS At FARabIAPEcomai n,
the linker compéling fof BEitdpeiUiR1iAY sERCAMChDicREtdSordetfRition milBlspédifid BFme . as
descri bed above,, The first and_second bindi ng dormai ns di scl osed herein
associ at e S Ypd pothsaitorss SERABLONYant i gen; for exanple, VH and V-

donmai ns, when bound to adjacent epitopes, will naturally associate in a

t hree-way inter ctign to forma stable_di&g&. Such associ ated . proteins can

be i sol at ed'! Aisgosed hefein af; opgn repfomaygn li PEAY®Ye of this procedure is

that 5 non-complementary binding -domains, wherein the domains are specific for a different

epitope on the samewtarget. Such ligands bind to targets with increased avidity.

Similarly, the inventidn pfovides multivalent ligaxids comprising. non-comﬁlementary

binding domains specific for the same epitope and directed to targets which comprise

multiple copies of said epitope, such as IL-5, PDGF-AA, PDGF-BB, TGF beta, TGF
25  beta2, TGF beta3 and TNFq, for eample human TNF Receptér 1 and human TNFo.

Similarly diéclosed are, .ligands that can be configured to bind

individual epitopes with low affinity, such that binding to individual epitopes is not

therapeutically significant; but the increased avidity resulting from binding to two
30 epitopes provides a theapéutic benefit. In a perticular example, epitopes may be targetted

which are present individually on normal cell types, but present together only on

abnormal or diseased cellé, such as tumour cells. In such a _simaton, only the abnormal or




onl'y binding domains which bind to closely adjacent epitopes.c iudr3dde
correct conformation, will associate and thus be isolated as a result of
their increased avidity for 30 the target. An alternative enbodi nent of

t he secondwiomwbimgaesiat i on may be at | east one epitope bircdvaxpooschoreas n
conprises a non-i munogl obulin “protein 28 Decenber 2006 WO 2004/003019
PCT/ GB2003/ 002804 28 scaffold' or "“prd¥ein skeleton' as herein defined.
Sui t abl e non-i mmunogl obulin protein scaffolds include but are not |Limted
to any of t iseasederedler g qies qlﬁéaréFngXdﬁ%ﬁ%%’Fﬁécg'fga“%p,&?@&iﬂgoﬁqe in,

G oEL and ofRgrioghaperones, lipocallin, CCTLA4 and affibodies, as set

" forth above. 5 The second configuration disclosed herein is, the epitope

bi ndi ng domains attached to a 'protein skeleton'. Advantageously, a-
protein sk éfﬁﬂg | e €5 biUE Ml Oithe, BPadaceh EPHAPLH, B8R el sAm
skel et on. ?0@ ccC ?ﬁlﬁgg&i‘%ﬁ?ﬂg c%l?ess%fr}t :éhlrllli‘/e_ tli%eﬁ, ?cﬁ%cet'er m 9i nnnunog| obul i n
skel et ors  riefget Gnowen as ciplatingiddbshinahalsobpirinsss oapolymase (GfEmICRAORBErAbul i n

fold and which,acts as_ a_nucl fOL oreONE Of DI i 4 bi i Rg ins, :
as defi ne\é\%‘%ﬁ FOORBSIER & 3§’r go iorﬁr%lﬁ{)cgﬂg%g‘fr?n s%ﬁt%‘%@ﬁ sdl e_r%ign efined .-
i ncl udes angkample, digaidy mapfbet bastuctsd lcempesing rtioes tdrefolin [ ViowWomginsagr Vi

i mmunogl obul i n_nol ecul e conprising at least (i) the CL, (kappa or |anbda

subcl ass) ®1 of an antibody; or (ii) the CHIL domain of an antibody
heavy chai n; an inmmunogl obulin nol ecul e conprising the CH and CH2 domai ns

of an antibody heavy chain; . i oql obul i | ecul e conpri Sing,the CHI,
CH2 andiocHMOREOYEnikgaRds #F P&H“%HW%&“& é‘hwit‘éﬂﬁﬁgﬁ ;targ%?!(s,a ei“ﬁ‘eb’?g‘i‘ﬂ}% et

(i) in conjohiast isupedfit Porl haubbhit of kaBRAsA The HpEad fiahWeatimpric/amificric of an
anti body.- A hinge region domain may al so be included. Such conbinations of
domai ns mayolyearicexanpl e, mimic natural antibodies, such as 1gGor IgM or
fragnments thereof, such as Fv, scFv, Fab or F(ab')2 nol ecules. Those
skilled in the art will be aware that this list is not intended to be
exhaust i ve p:3&abil,thé Aolti0hedifiSliske REQBink & hbgb@phipeacotthafiveigiodarmi ns, as
her ei n 1c}efi ned ma}é be achieved at the polypeptide level, that is after
expr essi’on obringble by thejnasthoddisclosedlieBii-ng t he  skel eton and/ or the epitope

bi ndi ng donains. Alternatively, the linking step may be ‘

" The second configuration disclosed herein is the first epitope binding domain and the second

epitope binding domains which are non~cbmplementary immunoglobulin variable domains.
That is_ either V-V or V-V, variable domains.

20 ¢

Chelating dAbs in particﬁ!ar may be prepared
namely ‘the use of anchor dAbs, in Which a library of dimeric, trimeric or
multimeric dAbs is constructed using a vector which comprises a constant dAb upstream
25  or downstream of a linker sequence, with a repertoire of sebond, thi_rd and further dAbs
‘being inserted on the other side of the linker. For example, the anchor or guiding dAb
- may be TARI-5 (Vk), TAR1-27(Vx), TARZh-5(VH) or TARZ2h-6(V).

Tn alternative methodologies, the use of linkers may be avoided, for example by the use of

30 non-covalent bonding or naturall affinity between binding domains such as Vi and Vi
The invention accordingtly provides a méthod for preparing a chelating multimeric ligand
comprising the steps of: : ' :




performed at the nucleic acid | evel. Methods of |inking ggg)r ot inz@)?el et on
according to the 30 present invention, to the one or noré&®epftolFe v ndi ng
dormai ns include the use of protein chem stry and/or nol ecul ar bi ol ogy
t echni queswawhiosdovétb! be familiar to those skilled in pehesadobo@bdd are
descri bed herein. 28 Decenber 2006 WD 2004/003019 PCT/ GB2003/ 002804 29
Advant ageously, the closed conformatiore7nmul ti specific ligand may conprise a
first domain capable of binding a target nolecule, and a second domain
capabl e of bi ndi &) Rfovidiige ypworoPOIITISUNE AHEIRIC eidetrgdench AR 13 fieelaf t he
1igand. Foryex : : |y be a bul ky agent, such as
" HSA or a ce lﬁ&ﬁggéﬁﬁlngp‘%%@ﬁ?g%?ﬁgggeE{larggai?%ﬁﬂat he 5 phrase "nol ecul e or
group whi ch ext ihpiprovisinghavéctorieheoding a repegeifrdcomeiimgsesand Dipding domaingr

chem cal grou ich n..bound b i.fi i i bed
herein i ncsf'pgglg\é\@mtahggc%,\lﬁee\? ftg\j%? %’aﬁa’f@/ﬁa?glpg@d]}ﬁgﬁedd tﬁngtlble gl‘%gsgﬁmf ?)Z I g%{tl when
adni ni ster eitle fiest apitopakaidedecondepitdpe\beingadiacdnt gesail firktapitdpee snchot  bi nd t hat

nol ecul e or group, Exanpl es, of | ecul.es..or, groups that extend the

hal f-l1ife of a | 559%%6555%3%%@ ?“%8"' rbérfdﬁrbge(}ogwnﬁ #9210 preferred

enbodi ment, the (@) esadingaRéRr sonbiglions!lof | frpeaid sohd Gamithgrdymbias celdebl e of
bi ndi ng the target | ecul @ only aon .di.spl,.acenment of the half-life enhancing
mol ecul e or°°“§1“%ﬁiﬁger€€?ﬁﬁ%?r°§‘éfreaé¥‘§ﬁ%lﬁ, 1240€Gsed. conformation mul tispecific

ligand is maintained in circulation in the bl oodstream of a subject by a
bul ky nol ecul e such as HSA., When a _target nolecule is encaounter

" conpet i ¥4 onThsefissand seand) FRitPeyaE AiAce BFh fhabe anlidmeric Beand s sepalls 8h
mul ti speci fﬂi&ddhg%b% %ﬁﬁ)glest SrobRardbiB). agﬁgﬁfamaa‘ th BBarddSHiRMd aliamligegoof the

target. Ligands according to a%aspect_ t he present invention,_ as well
as dAb nononarssed gvidity if bindiopn JVhare therpitepestare ihenaens, thedycreasod AViddBsus| y

di ssoci ate ek & GBS e b it i 5 iPler 30NN 2 158M (i €,
3 x 10-7 tonEa?IE(gdl - éﬁe&i&?éﬁg}.\g@} y&?gﬁM toZeg)_l\I/Jl% or on f:t’o_ _200%\/! or 1InMto
100pM 1 x t&0 chpies tol tesspulfengoudly-teund ivorder e obiain the ingeged/padity efdest. | x 10- 10
M or Ie%s, 1 x 10-11 Mor less; and/or a Koff rate constant of 5 x 10-1 to
i x 1017S-1, preferably 1 x 10"2 to 1 x 10"6 § 1, or 5 x 10-3 to 1-x 10-5

S-', or 5 XTHe®indingddmains heslse assacidiedkbyl SvraBméthods, bewel] asthe BseofllinkgrsSa or
less, or 1.x 10-4 S- r. l.es ar 1 x 10'5 Sa 25 .or |ess. Qr 16 S-1
or less as ﬁé’éteﬁ?lm’ eé’e&’m&ﬁ ?%‘E@%F&é’ TOHPHES B Tea oS T ﬁéaﬁa& d aﬁhéei()ta%%hnst and
i s defined gaeup§aifdil® meank ForPsvit doRblleRty attablimén wostisynihesls; dlidsdeuiinatints - TNFa
dAb nononer (or. dual specifigc,|ligand -conprising such Ab honodi ner,
het er odi merviB¢h biadr the tazget e ’e?ﬁﬁ?“&ﬂ@? @Pﬁgéaéhﬂ%%veﬁmﬁﬁﬁ?{dﬁ%m?@ﬂg
l'igand R ndtvéen TiNEALiME tahd Aselihd0 bindiiH Moi@inSPihich Care 3exprebfed/ ak Oa single
polypeptide from a single vector, which comprises the first binding domain, the linker

and a repertoire of second binding domains, for instince as described above.

The first and second binding domains disclosed herein associate paturally whcn

25  bound to antigen; for example, Vy and V, domains, when bound to adjacent epitopes, will
naturally associate in a three-way interaction to form a stable dimer. Such associated
proteins ca‘n be isolated in a target binding assay. An advantage of this procedure is that
6n1y binding domains which bind to closely adjacent epitopes, in the correct
conformation, will associate and thus be isolated as a result of their increased avidity for

30  the target.

An alternative embodiment of the second configuration may be at least one epitope binding

domain comprises a non-immunoglobulin “protein




5 x 102M), preferably 50nMto 20pM nore preferably 5nM nost
preferably InMto 100pM expressed in an alternative mntﬁgP%QeQrﬁ)M%QQI s 1

10'7 Mor less, preferably 1 x 10'8 Mor less, nore preferably 1 x 10'9' M
or |ess, amhﬂg@ﬁUS|y | x 28 Decenber 2006 V\l) 2004/ 983RE%03/002804

PCT/ GB2003/ 002804 30 10"10 Mor less and nost preferably I x 10"11 M or

| ess; and/or a Koff rate constant of 5,x 10"1 to 1 x 10-7 S-', preferably
1 x 10"2 to 1 x 10"6 S"', nore preferably 5 x 10"3 to 1 x 10-5 S"1, for
exanpl e 5 x sddifold’ $r protein sksbtonpraehabmbieﬁnéd xSuif@bl2 nShiimonnbgsbylinnmotein

preferably 1 0- 3 1 or vant eous "' or _less,

Purt heranrldeneies oo Xe neh Hited b G 08 Sickeh Fom B trtmrcaflinng o
10-6S-1 or $12s Fibroascde GedBI ariCothet cﬁsyet@e@ lipbaiin TOTE 3@ md affibodfs efsee@bl v,
the Iigand Igeutral ises TNFa in a standard L929 assay with an ND50 of 500nM
to 50pM pr Py or 10OOnMto 50pM advant ageously 10nMto 100pM nore
preferabjy 1InMto 100pM for exanple 50nM or |ess, preferably 5nMor |ess,
i 0 advant ageously 500pM or | ess, nore preferably 200pM or | ess and nost
pref er abl y ThtGapM ﬁ:l’nﬁglﬁStSon &ieaassea Bt is, tHeRpikdpg Bidink Abinkiné Sukhetiong of TNF
al pha to TNE al pﬂei fft or (131?55 reclée‘rft or) with a E ] C50. of 500nMto
50pM  pr ef SFEEIYXTiERH Van%%?m REFUCIR PlefetonAsparding to theyarpTion ¥58pM

advant ageoumhmndgMHuh@skE&QmM for example 50nM or -l ess, preferably 5nM or

| ess, nore preferably 500pM or [|ess, advantageously 200pM or | ess, and nost
preferably I OOpMor less. Preferably, the TNFa is Human TNFa. Further nor e,
the inv@ntion provides a an anti-TNF Receptor | dAb nononer, or dual 20

specific ligang. ¢ |srn suc t hat. bi nd F., Receptor with a
Kd of 300n °?‘gm§ R b prosgng gutihny ;A ] glo b“?‘@f “él\ll‘eé%‘f“ B 820pM
nore pref EIpmémwﬁrcMcbmpns%@@pNhabﬂe ﬁmﬁtmogtobﬁhr fold gndJWIM:It a:té.&&pﬂtdcleimforex anpl e

1 x 10"" Mor Iess erabl . or. less, nore preferably 1 x
10"9 M or |°B%%fm%t8 ‘if/’ "15(9%1563%6‘?’“ ess and nost preferably 1 x

10"11 Mor |ess; and/ or a Kof f rate constant of 5 x 10"1 to 1 x 10"7 25
S'', preferably 1 x 10"2 to | x gttl)re preferably 5 x 10"3 to 1 x
10"5 S-S, #’tﬁfmeéwgglsb‘wnﬁ#elftoss gs Brrelpéle ar@r@r&sryn@&mft? of thosg o

| ess, adva@él@em&ﬁﬁynelfono&ﬁ'g3m§nan@togtdbaﬁ§ mofERh1e csﬁlgﬁﬁﬁglat Mask (? #ocp S 1 or

| ess, still nore preferably 1 x 10"5 or less, and nost pre erably 1 x

10-6 S'1 ofkapexer lembdpewbelaishdemaih ok an rnetl@edsﬁroaer}élrp ¢H dampimeof agentiiody er abl v,

the dAb mﬁ@ﬁgcﬂ:{m' gh')gﬁ profed INE& Qnﬁﬂﬁ@@ﬁ%{&jcﬂé%ﬁa{&%faﬁhe
L929 or ssays descri erein an” ND50 of 500nMto 5

pr ef-er abl yantjbodyCheavy ch8mpm inproune glob malﬂcn}le canmisieg thedHl, GHR st Gd2ous! y
InMto &Ooﬁc!)\ﬂlmﬂsotgf a% [i)g&ﬁz%?t(ry g]?a(i’r? or any of the subset (i) in conjunction with the CL

(kappa or lambda subclass) domain of an antibody. A hinge region domain may also be

included. Such combinations of domains may, for example, mimic natural antlbodles,
such as IgG or IgM, or fragments thereof, such as Fv, scFv, Fab or F(ab’); molecules.
Those skilled in the art will be aware that this list is not intended to be exhaustive.
25 '
Linking of .the skeleton to the epitope binding domains, as herein defined may be
achieved at the polypeptide level, that is after expression of the nucleic acid encoding the
skeleton and/or the epitope binding domains. Altematively, the linking step may be
performed at the nucleic acid level. Methods of linking a protein skeleton according to the
30  present invention, to the one or more epitope binding &omains include the use of protein
chemistry and/or ntolecular biolo gy techniques whiclt will be familiar to those skilled in

the art and are described herein.
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nost preferably 100pM or |ess. Preferably, the dAb nononer or |igand
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pr ef er adPy Pesderred smbgdinggy the rlogsl m&mﬁwnum@spwﬁicehmd npyche apsblalpfrer s,
trimers and f rdance
W th the for el TS Bl mlolieyR G PEPBAREw o e HRPRG el BRERIFRECT o
t he i nventi @&m®up| Iludi“pmg(admlﬁ ramioﬂﬂ:ércgufouhuaman smdm;beelﬁc rhgmsi isoagintbired in nked

tib
and- 30 opt oLy S MeWlooSRgt FL Uiy Heul) MoRty s RIS P G
l'i nked as atasgahgiokcuhus bmt&sadsenmmuum be:twaasn fhe biredihd dorhiFys bftht sRed O
06 WD _.200 03Q19 ..
T Caadb) BaeRegbmeftBerif, fndr ey B e Ehpopl S TeoHSACH PRYRAS b of

t he inventluMymthe present invention provides one or nore nucleic acid
nol ecul es encoding at least a multispecific ligand as herein defined. In
one enbodinent, the ligand is a closed conformation ligand. In

Ligands according to any aspect of the present invention, as well as dAb monomers

useful in constructing such ligands, may advantageously dissociate from their cognate

20 target(s) with a Kq of 300nM to 5pM (ie, 3 x 107 to 5 x 10™2M), preferably 50nM

© t020pM, or 5nM to 200pM or InM to 100pM, 1 x 10" Mor less, 1 x 10° M or less, 1 x

10° M or less, 1 x 10™° M or less, 1 x 10™" M or less; and/or a Ko rate constant of 5 x

10" to 1% 107 8™, preferably 1 x 10%to 1x 10°S™, or 5x 10 to 1x 105§, or5x 107

S* orless, or 1 x 10287 orless, or 1 x 10°S™ orless, or 1 x 10 S or less, or 1 x 10° 8

25  orless, or 1 x 10°S™ or less as determined by surface plasmon resonapce. The Ky rate
constand is defined as K gK,..

In particular the invention provides an anti-TNFo. dAb monomer (or dual specific ligand
comprising such a dAb), homodimer, heterodimer or homotrimer ligand, wherein each

30 dAb binds TNFa.. The ligand binds to TNFo with a K4 of 300nM to 5pM (ie, 3 x 107 to
5 x 10", preferably 50nM to 20pM, more preferably 5nM to 200pM and most
preferably 1nM fo 100pM; expressed in an alternative manner, the K is 1 x 107 M or

less, preferably 1 x 10" M or less, more preferably 1 x 10 M or less, advantageously 1x




anot her enbodi ment, it is an open conformation |igand. TQ% It|§9 ific

| i gand may be 5 encoded on a single nucleic acid nol ecul € erna ver
each epitope binding donmain may be encoded by a separate nuclelc acid

mol ecul e. We@scbddeol i gand i s encoded by a single nucb@h@Bgﬁyanﬂplecule
the domai ns may be expressed as a fusion pol ypeptide, or may be.
separately expressed and subsequently l4pnked. together, for exanple using
chem cal I|nk|ng agents. Ligands expressed from separate nucleic acids wll
be Iinked 1UJ¥d@ethwsmﬁyn@$pﬁmmMﬂﬁlelﬁébhsx1$haummmhe%gnmmmﬂmnmwbﬂ&ﬁther
encode a si L, $eqyense or, f,1hespo a host . cel
upon expresgpﬁn gngﬂng ﬁ%@@%ﬁ db ﬁ’ %ﬁ}s d%g @Hé ﬁmt°#¥ %nentous
bact eri ophagg, rﬁr&rekmﬁjale 5(x0]r0 'st'heless, qm:f&alﬂptl x01f0'2$'15cﬁ|1@§ 1h&s pﬂf&iﬂlﬁy xsipst em
15 upon expkgss L on éeader seguenc e used in bacteria

expr esi on ant/ 8 155 Adgatagrously éﬁﬁ qrﬁéYa&Pj‘ge?}’éII’é E %‘HB% phoA,
bla and pel Aud thb& psesamg 1q¢qrmfﬁlwtar@ésg QR d&bﬁﬁﬁ@sﬁc&uﬁ%ﬁﬂd&mﬁ réof{aﬁl% or
conprising nucleic acid according to the present invention.

enbodi nent may be a host cell transfected with a vector. ExpreSS|on from
such a vect OTRE e

of a bacter?%ﬁﬁggebﬁgﬁggﬁ#gy&ggﬁ%bpe %qﬂglﬁm&%%hggns S¥QH ction. gﬁhls

al | ows seI e2@indhto HipMi meleahbrbrddfeiins Sapid, aduastagmusiytllon]w[ toflOOpM], tnosgeci fi c

| i gands’ d resent invention preferred
enbodi nent @%ﬂ?%2f5%§%ﬁ lajpig‘¥a? OPO e°fd$§hﬁ¥%ﬁa héﬁgprgﬁﬁ 30
- bi ndi nglmjormdvnastagafoaslyrﬁmmbmlbsé | moréaprefatibly 260pMORS 1683 Chndl o glrefetabl; f rom

single nwpé/ﬁ ne repertoires. Generally the repertoire of single
anti body do P “di spl ayed on the surface of filanmentous bacteriophage.

In a preferred enbodi mrent each single antibody domain is selected by

bi ndi ng of ere tq.antigen, 28 Decenber 2006 WO 2004/ 003019
" PCT/ GBZOOS/%@%S%%’ 4he q‘ﬁﬁ@oﬁ%hg%*érhmmeﬁt nalphd to dNE, plpbs dReseptork] (P55

conpri sing l%éepltcﬁ‘?ﬁr‘ith%nfmﬁ@ bR tofssdpwefgierawqo@ﬁuwmﬂwtﬁ&eﬁifr@eﬁﬂh

i nvention, which %%W@a@ n open conformation or closed conformation

| i gand. i t WOn}E i} wAngagEoyshi, B ito A0Gpad; for examle 8Gmivier dess,direfgrabbt i ¢ 5
kits, theranggto ‘IesK'lh&se dféfeﬁblfyoﬂ'ooblbﬁo ?éseﬁﬁx}aﬁﬂ%&fu dl? F}]())lglgd& 1ﬁef Qﬁcﬂn‘d&' cal -

species, and the lik he sécond confi gurat i e
di scl osed Hueferanly HJOHWMQeB@fﬁSahlmﬁhﬁm%sa}HummMOa | i gand accor ding to
the present invention. . 10 The second configuration disclosed hereinis a

conposition conprising a closed
Furthermore, the invention provides a an anti-TNF Receptor I dAb monomer, or dual

20 specific ligand comprising such a dAb, that binds to TNF Receptor I with a K4 of 300nM
to 5pM (ie, 3 x 107 to 5 x 1072M), preferably 50nM to20pM, more preferably 5nM to
200pM and most preferably 1nM to 100pM, for exainple 1x 107 M or less, preferably 1
x 10® M or less, more preferabl’y 1 x 10® M or less, advantageously 1 x 10"'° M or less
and most prefefably 1x 10" Mor less; and/or a Kog rate constant of 5 x 10" to 1 x 107

25 8§t preferably 1 x 102 to 1 x 10° S, more preferably 5 x 10% to 1 x 10° S for
example 5 x 10™ S or less, preferably 1 x 102 8™ or less, advantageously 1 x 107 8! or

* less, more preferably 1 x 10* 8™ or less, still more preferably 1 x 107 8™ or less, and most

preferably 1 x 108 or less as determined by surface plasmon resonance.

30  Preferably, the dAb monomeror ligand neutralises TNFo in a standard assay (eg, the
1929 or HeLa assays described herein) with an ND50 of 500nM to 50pM, preferably
100nM to 50pM, more preferably 10nM to 100pM, advantageously 1nM to 100pM; for




conformation nultispecific |igand, obtainable by a nmetho t he sent
i nvention, and a pharmaceutically acceptable carrier, diﬁﬁg%?mgﬁr&i%
exci pient. 15 Moreover, the present invention provides a nethod for the

treat nent &fodiosmase using a closed conformation nult pepesbdok/Go2kdsgand’ or
a conposition according to the present invention. In a preferred

enbodi nent of the invention the disease3is cancer or an inflammtory 20
di sease, eg rheunmatoid arthritis, asthma or Crohn's di sease. The second
confi gur at i orf*efRle| Y dndessi preferkblyeSnM coraleaktthord freferdbhie S60ENas lass,

including  diRGNOSHIIPoEE in formation nmultispecific
| igand, or a corrpgo%'g?%?o?] ac%ggsgi#%?%tﬁrﬁ%%ﬁg@e TAVention. 25 Thus in
general the binding of an analyte to a closed conformation nmultispecific

i gand rmay i4ed.io displace an agent,..whic ds .to t eration
of a signal b%ﬁ%ﬁglhgﬁlla eag‘é‘%rel?‘ﬂn. “EBPI @ﬁ%‘%‘“@ﬁﬂ i’bﬁmgg‘t}o*ﬁgﬁi?%@ 'P@écgf‘gi‘d

ant i ggp) &:ohﬂ.@gpiblsb(p?&eecmlﬁo;)@ﬁﬁymI(ISDideUOI&m&d S&M | l,ﬂi@f]céfh‘dlhﬁ FOOhNBtoaﬂ'%M}OdK '
providi ng the basi or i assay, especia i.f the enzyne were he
to the anti HO%y brsmatHoRHLo J0tncadpteeconlh ol te d st o8 srareilé addror

di scl osed. hde®j prefkdbly 5aliak 8&s,Bo@ prEthng SoopMdplgs! mﬂtﬂ%&ué}y 286g%r of a
target nol ecul e, conprising: 28 Decenber 2006 WO 2004/003019

PCT/ GB2003/ 86928%@ mop P@%aq’g\f WPr eidess- Ercsally.dbnTOF deeenter Ivaneetiis Bawieni c

| i gand boundrNm;.an agent, said |ligand being specific for the target

nol ecul e and the agent, wherein the agent which is bound by the |igand
| eads tol%t he generation of a detectable signal on displacement fromthe

| i gand,; b i s 2 . f Ok i L,ti.speclfi.c ligand to the

Larget ol otur ARk e HlabIBRdeR AR OV ol 3PS o APREGDE o

t he di spl acensdrg dAt) thhebindpan serum Bltemse (A)dwittoaKi gl i to 500 (lep seidher ei n,

t he agent i . i I Snl ive when .bqund.by.the closed

conf or mat i o§ )ﬁ}f ﬁ’inp-zrs%%g}ymg&% t&iﬂ’éﬁiﬁr?fgrah]ﬁt gf/@@"ﬁ SP??ﬁ%’@%ﬁ?"ﬂ‘E?“%’ég Any

one or nor e fisglaati{SAddAb and b ke t6 andh&tthge, te 4 [RQVina Q

substr_atg, for an de Z 1(i) ar?gdgufbl uor esce?ﬂg@. I un'sn gf:g%tmo ag?\rl%ﬁp%eni c :

mol ecul &°whiTERASTFE F’ﬁé@ﬁc\‘?@ 3PP FERDISE SehBTne Bistaer t‘?g the, gecpg é%ﬁ.fmsgﬁuences

simlar or ltuagmligmusi(te.1gooooaﬁmw@séfe1a$19urooEQ%@@@WM@Fb@m tivdo & the
n sone

15 sequence |.scl o herein are al sg_part_of the Invention.
embodi nent sio'?d@’ OTQE%H’C@%P%WFS{) ?lea&fﬁ’t“%"fé]f‘ﬁ first dih for Séy dfor example thdout
80% 85% 9@¥a dAb%indd 24 wiB¥h affinity of approximately 10uM, while the second dAb binds

its target with an affinity of 100pM. Preferably, the serum albumin is human serum

20 albumin (HSA).

In one embodiment, the first dAb (or a dAb monomer) binds SA (eg, HSA) with a K4 of
approximately 50, preferably 70, and more preferably 100, 150 or 200 nM.

25  The invention moreover provides dimers, trimers and polymers of the aforementioned

dAb monomers, in accordance with the foregoing aspect of the present invention.

Ligands according to the invention, including dAb monomers, dimers and trimers, can be
linked to an antibody Fe region, comprising one or both of Cyx2 and Cx3 domains, and
30  optionaily a hinge region. For example, vectors encoding ligands linked as a single

nucleotide sequence to an Fc region may be used to prepare such polypeptides.




94% 95% 96% 97% 98% 99% or higher. At the nucleic acgid | | he
sequence identity can be about 70% 75% 80% 85% 90%'95%&86%%/%0063%
949% 95% 96% 97% 98% 99% or higher. Alternatively, substanti al
identity ewioshewoohasn the nucleic acid 20 segnents w | | pRybghddsgRsidnder

sel ective hybridization conditions (e.g., very high stringency

hybri di zation conditions), to the conmpbenent of the strand. The nucleic
acids nmamy be present in whole cells, in a cell lysate, or in a partially
purified or Isalfetientimct gf thouseeordoronfig@icga{idhe avicwira, ¢ie PIseRwb ERygytonor

"sequence identity" or "sim.l.arity , : y -he; are
used inter c‘ﬂgﬂéeé’a 3?1. Fern lelgragldp%rlgﬁlﬁééngeggogﬂgagl 1?%\?\5 %\%E%e&?ggl %ﬁ:{é% are
al i gned f orhepyii idefiedc ohipard amhodimemp gesligand gs 2 adessd conferipetismtigasduclsd i n
one or both of a first and. a second _.anm no aci nucl ej I nce for
optinal - al ?”ﬁ%?ﬁbog%e“ﬁdﬂl—s%%F%ﬁ%ﬁwg%@%aggs q‘é%ﬁn E’gé"?g‘?g %}d}g %or

co ][rpari SPN RUERAAS) T,i;@e ngalfeﬁ i hdldeald; ﬂtmmﬁbﬂgmachrebﬁoﬁeet)igdihgdm?}in

ref erence sequence aligned for copparison urpgses,is. at, | east 9

pref er abl y B8y bectnspdeddd,2 srRpreteiustas V"]&F‘BFeg@ter M‘g@%deﬁ %?deeﬁ%y a

preferably @i-id fRRdic 8¢ moledleCHRMMRIR nitfyeietsxplisiedak d Rgish poBeptii@Y%r 90%
100% of the %ength of the reference sequence. The apina acid residues or

nucl eot i desmeit beSepraiakrherpreneh and subsegpeilyi Frked diogether, Jpr LXHuple WS he
present i nvgnt i onm 58 d Mobd scPR@fe! hicteid haandill 6O MRkdasi ng,
preferably %%%lglglgﬁlé\ %%%n{as' rr]ﬁpi %S%&S%eanti gee% bi ndi ng sites, each binding
site bsi ngogetiey bylagprépyiate weamgl e first bi nding domai n, each binding site
havi ng bi nding specificity for a first antigen and a second bi ndi ng

domai n/s havi ng binding specificity for a second antigen, wherein the
second bi nditegwedisivedcitl immy uriger-snnodeno gigedd sequengd 9y eaperhion thepolypdpidesi n t he

bi ndi ng of the second, binding domajn o C a i t he
hal f-1ife %?mtaﬁléosﬁ’a%\ﬁﬁmf TR c%cltl)l%inoggﬁl%g a seacon(fggggg@tgﬁ% %'?%e
present i nviahétous Habierieptiage panicled@d ottiee cosporeht of mstiettionsgieplay isystdni)gand as
defi ned above in the preparati on of a.pmedi canent. for the I: py.
Accor di g t%°% ei‘ﬁ’fFﬁséPnaiﬁ%@f ) A = ﬁ’%ﬂ’gee‘ﬂ?y heh ﬁngl%a,&% lré%&?éé&p%lg@%ged t he
use of a  rgshid GrpRstehii€ dishifIAcIE FIB, ST Gmpiy plic, ald shdgedsi sting of a
mul ti ple of antigen binding sites, each binding site being provided by a
single first binding domain, each binding site having binding specificity
for a i1 sy ARt AR IRERAM HRiis BYedtREBinphsndiaiichgoidianeirdigg to
specificity for a second antigen, wherein the second binding domain is a
non- 1 g dontik preggnt wkentpinds to a serumprotein, in the preparation of a

medi cangnt for use in therapy wherein binding of the second binding domain

to the Serumprotein increases the half-life of the multispecific Iigand
in vivo. Anembodiment may be a host cell transfected with a vector,

Expression from such a vector may be configured to produce, for example on the surface
25  of a bacteriophage particle, epitope binding domains for selection. This allows selection
of displayed domains and thus selection of “multispecific ligands’ using the method of the

present invention.

In a preferred embodiment of the second configuration of the invention, the epitope

30 binding domains are immunoglobulin variable reg{ons and are selected from single
dornain V gene repertoires. Generally the repertbire of single antibody domains is
displayed on the surface of filamentous bacteriophage. In a preferred embodiment egch
single antibody domain is selected by binding of a phage repertoire to antigen.




According to a fourth aspect of the present invention, there i i ded
the use of a nultispecific Iigand conprising, preferabf?gégﬁ?ﬁggaﬁé of a
first binding domai.n having binding specificity for a first antigen and a
second bi ngigh@oges@bn havi ng binding specificity for 3-$R&908 9en
wherein the second binding domain is a non-1g donmain which binds to a

. serum protein and wherein the first bingd ng domain in isolation binds a
first antigen, in the preparation of a medicanment for use in therapy
wherei n binding of the second binding domain to the serum protein

i ncreases t f-1.1fe .of e multispecific l.i.gand. in vivo, Acgording to a
© fifth aspec?%(%&?%sﬁ% up“rreélélglrl]t P & \fl%ﬁa@ﬁgo?}g%s atleash 4 pufisess ‘b{‘gfln&and
conpri si ng, aproeding ablthe pessaitsinvégionf whichi hay boi Mdopg esHTBiMtdAVérNgokiNdi Ng
specificity ngr a,. first aﬁﬁi en gnd a_second bi ndi ng domai n_havi ng bi ndi ng
speci fici ty PBpPmIAton ligand. o t?%&‘fﬂr ing i s HvenHen Sy derd o PRI demmRRsici s a
_ non- | g demaits, #eiapeut KESkitsTobME dafefticRlof cibndtd or WoRpRialspeligs, lhd 8 1Rk Ndi ng
dormai n conprises an affibody scaffold, in the preparation of a 28 Decenber
2006 34b nedi canent for use in therapy wherein binding of the second
bi ndi ng dorgy - LU [0, eases .the half-life of the
mul ti speci ?]Pﬁ _ce Qﬁg%% ﬁgﬁﬁééfﬂ\:&o@% gﬁ(:%!rr Ill’n‘g}&{bosg%ﬁ%leIQ h? g%%%gg{lou&;m{n%oa%s@ésem
i nvent i on, whenadighnl asearding tadhepnoteat imeengion.i cal  comnposi tion conprising a
mul ti specific ligand as defined in the first aspect and a pharmaceutically
acceptabl e excipient, carrier or diluent. According to a seventh aspect of
t he pres®nt Theseeondi confizuraiion dijclpsest hepdinlisd campesitionicompudsing 2 doseddi ng a
mul ti speci f'h&lfg,ﬂlgg&gn@gsﬂafﬁgﬁggmi Sidigif 1 rst aspect. According to an eighth
aspect of the present invention, there is provided a vector conprising
. nucl ei ¢ achyh msthod6f the gresent fxtventémy ant dptaspeetticaly acvepiablg chies ditudit br aspect
of the present.invention, there is provided a host cell conprising the
vector as derii&d in the ei ght h aspect. According to a tenth aspect of the
present invention, there is provided the use of a nultispecific l'igand as
defined in the first aspect in the nanufacture of a nedi canent to_ provide

superi of aWBRePYPTHIA BFSERt Bvenian provides 2methedfos tee treptimertyof siseaseisingaa - | i f e
of. the nuitlosqaeedntirtatio amiiecifibl ishi® or HeoRPNIRA ALoRnLIEURNHBsAS PECT
of the present .invention, there is provided a dual -specifitc Ilgang
conpri si ng. VPPt | heavy chain i munogl-obulin single variable donain
having a binding specificity to a first epitope or antigen and a second,
light chain single variable domain having a binding activity to a second
epi t ope or I prgleped wmbediment afiiheginyention she disease fis carices ar dnanflimgreateryor

Pl { 0PG5 AiBad el MEEAGE skl Uk bf Ercles bifigadei 9aNd 11 Vi vo and wher ein
said first and secon omali ns aré not a heavy chain variable domai n and
|.ight chain variable

The second configuration disclosed herein relates to a method for the diagnosis, including

diagnosis of disease using a closed

.conformation multispecific ligand, or 2 composition according to the present invention,
25 Thus in general the binding of an analyte fo a closed conformation multispecific ligand
may be exyloited to displace an agent, which leads to the generation of a signal on
displacement. "For example, binding of analyte (second antigen) could displace an
enzyme (first antigen) bound to the antibody providing the basis for an immunoassay,
_ especially if the enzyme were held to the antibody through its active site.
30 | : ;- .
- The second configuration disclosed herein also relates to a method for detecting the presence

of a target molecule, comprising:




domai n whi ch share the sane specificity, provided that sggﬁ dual so%eci fic
|i gand does not consist of an anti-HSA Vu domai n and an<aHpgempsr 2006

gal act osi daseVk domai n. According to a twelfth aspect of the present

i nvent i on, wioleessosms provi ded a four chain 1gG i Mmunogkobkies/ensqri sing a
dual specific figand as defined above. 28 Decenber 2006 34c According to a
thirteenth aspect of the present inventi4on, there is provided a |ligand
conprising a first_imunogl obulin single variable donmain having a first

antigen or e PEHEEILGT AaPRFosferntianopRiisperific disart bavditorv degitotsid ligandi ngl e
vari abl e dogghg shaMic¥er fhe SREQAblecRR nd SR @%nﬁ%@@ﬂg?%’é@g{ WHich I??g(?u%g%tvt y

' wherein one or both of said first and second vari a onmal ns 0 an

antigen or &jsilizapblopds te ke geueratiopenf atdgtectgblefignilion displactmeertifipamieligand; vo, and
either (i) i i i I NS are
neavy cha, n® ol aeQtdr e BRGARH nIRAE, APl U el
i mrunogl ®bulc) detectingdhd signhd petieratedans @ résuljlof thehlisphacentent bAfhk egetdai ns.  provi ded
that when the first and second i nmunogl obulin variable domains are Canelid ,
VHH donmins, the VHH domain which is specific for an antigen which :
increases the half-life of the ligand in vivo does not bind hen egg white
| ysozyne (HERSSCCHWcentgarahion disslosgddierein, the azentp aagazymenirhish ispragtivesdmn| | nked
- RR6 azo dyebdind By thdlosdiscolioRBRios ShultBspchiie BkdN Bk QadvelyO e LESNIY BSRgCt Of
the present inventiop, citlhere is provided a nethod for ™ producing a I'i gand
as defined '%ﬂ’}(?\‘igl,orecsﬁﬁf)‘f’ &pmdhegroprcgpsistingahibg Fllowingnths pyhgirate foapk egyme, domai n
havi ng & f i dfita fhioRekienQ 1&RR%Ed 61 chibnDREhi@mSREADHEH R éﬁ@ﬁ%h%%énn
si ngl e vari abl ggmal n having a second binding specificity, one or both of
the bi ndi ngP®@peRy beligddes peing specific for a protein which increases the
half-1ife of the ligand in vivo, the nmethod conprising the steps of (a)
selecting a first variable domain by its ability to bind to a first
epi tope, (b) selecting a second variable region by its ability to bind to a
second epi t3sgecncey elymgb@bihnmn@gowe(w talehss abewi U)is ;sequedceq ilentiy) detthang t he
ligand Ry i Il 4 i j LSt e pi t.opes: erein,
when sgi d S% Fia I%g%%s%gihggeﬂg?}g%é agtvéf]g% g&lﬁf%hﬁg gﬁgllsne%bgﬁ%%ts%omi n,
t he heavy cbaienceidentikethe doinmiacid Isvelotn be Mduti®nt, 859 9684, il %o, DaYs, HIRA,

Accordi ng tQea Jbft t2o gct..of the, pre t inyenti. here i s provided
et i g 3 95k B G SRIE 0otk of Rt CAE e IR e deved "G Frosia®® 1 he
el event h adqentity. cahCleoalshuh §0%60 7505 BO%L BSUNIRBPEIY, 9%t 984, 09456298%] 68Nt i on,
IR pr99%l, gg"g, 39‘%%1(:: fﬁ%{xer? mlr‘nlaﬁwlrqu substantial identity exists when the nucleic acid

20 segments will hybridize under selective hybridization conditions (e.g., very high

stringency hybridization conditions), to the complement of the strand. The nucleic acids
may be present in whole cells, in a cell lysate, or in a partially purified or substantiaily

pure form.

25.  Calculations of “homology” or “sequence identity” or “similarity” betwéen two
sequences (fhe terms are used interchangeably herein) are performed as follows. The
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in
one or both of a first and a second amino acid or mucleic acid sequence for optimal-
alignment and non-homologous sequences can be disregarded for comparison purposes).

30 In a preferred embodiment, the length of a reference sequence aligned for comparison

- purposes is at least 30%, preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, and even more preferably at least 70%, 80%, 90%, 100% of t}le

length of the reference sequence.. The amino .acid residues or nucleotides at




~nucleic acid as defined in the fifteenth aspect. 28 EEceggf; 200§4d
According to a seventeenth aspect of the present inventi FREFE

provi ded a host cell conprising a vector as defined in the sixteenth
aspect. According to an eighteenth aspect of the present invention, there
is provided a ligand as defined in the el eventh aspect for use in therapy.
According to a nineteenth aspect of the present invention, there is

provi ded a pharmaceuti cal conposition conprising a ligand as defined in

t he el eve 1R carrier
or d.lueﬁ§&£%§%§§3F%%%&Q“Qf ﬁ%?gﬁ mlggﬁ) Eg?é@%ﬁﬁgéﬁégﬁ#lon t here
i's provi d@ﬁlpasmdlrefgp@mcwszstmg p@amillfmimpf amgcrgbladmg rssets pavimbirglgfigodyal i n

| X ; SA
and e secsn iridl T oGl R BER bk e Bl eRBRAETRANUET 1 (S
speci fi cifeyaffist agiigearind gesacond [bindingdddmragvia bdvinggrinline groribiitt fong sefonEPO
receptor, Ewhefaﬂoﬂlg"%'@b n@%mg%lgfg lﬁ&g%h Rdnn bujitt gi::g) rdgl?lﬁgr il aE{\IA- 78,

Eot axi n, Eof axi n-2 us- 2 acl d
growt h f a¥cein ti_lebmfheasf th¢ wrdbmdmgabminko the s(c@@@)lgemwsase@mﬂf -lifeMk CSF,

G--J31, kﬂgﬁh;guhhﬁgby, G-I, I1GIIl, 1L-la, IL-1(3, 1L-2, IL-3, IL-4,

| L-5, 1L- E L-8 (72 a.a.), 1L-8 (77 a.a), IL-9, 1L-10, | L-11, IL-
12, 1L- 13, IL15 1L16 IL-17, IL-18 (IGF), Inhibina Inhibinp,lP—lO,

kerati no%ﬁ&dﬁ%% QCCOIICP‘ESE)&‘R ogth(e Iﬁg:en?c)mve‘ﬁgﬁ’ Hg f&wﬁlbr!)&e usy zhf?ﬁlﬁ(:t n,

Mul I erian inhibitory subStance, = nonocyte c Itory act or,
nonocyt e Seactficdigande dpﬁr@fl ghave umlmﬁparmt;otsme@ca@)ent fvDde ugedn tbaraay) MOP- 1
(MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.); MG MP-Ia,
MP-1p, MP-3a, MP-3D, MP-4, nyeloid progenitor inhibitor factor-1
(VPI F- 1) Accoudips 2o anghird: asppa, of N \nsesgrtoimvéntibmcthere, is Forpdiied Nie- e 0T 4,

Oncost at 1(3 SCF,
Soor, ot ST Comerali vy chasiing O N Eppiaep Pt R 315, U0
necr osi s %delﬂ&mg(wmﬂﬂymg d by ppings, ﬁrstTNZhrrmMro each, birkliRe viedepoor | | |

TN L-1, \Y/
GOP- 2. EPH@’II ﬁClt E@I; E{ %?S? anﬁéeﬁ C%ﬁ(.i E ng{dlg Cﬁ (¢ mu fgmﬂgéE@:‘m{gle_@E&%é)an d HER
4. Accor él?eﬁ'@ctt)ofoaa ﬁﬁmﬂp aptiggng wgerqs ﬁ@c‘»@cood binfieg goreaimista nopdeddoiainwhitlhere i s

provi dedpa, in [ I single
var|ablebdgﬂg?%8§§§ﬁ%&k%ind?%%ﬂgpec ?%?P%ﬁwgg%ﬁg@iﬁ%ﬂgFﬂgﬁﬁqg%%ﬁ§ and a
second i hindiAg @f (ﬂmwwdsbln@n& domain ablthe sbommiprotdimvicregses Bha Halfiifesgfethe f i city

for an apj ﬂ§%%§959gwgron1the group consisting of human or aninmal 28
Decenber 2006 34 ‘
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According to a fourth aspect of the present invention, there is provided the use of a
multispecific ljgand comprising, preferably consisting of a first binding domain having
binding specificity for a first antigen and a second binding domain having binding specificity
- for a second antigen, wherein the secénd binding domain is a non-Ig domain which binds to a
serum protein and wherein the first binding domain in isolation binds a first antigen, in the
| preparation of a medicament for use in therapy wherein binding of the second binding domain

to the serum protein increases the half-life of the multispecific ligand in vivo.

According to a fifth aspect of the present invention, the use of a multispecific ligand
- comprising, preferably consisting of a first binding domain having binding specificity for a
first antigen and a second binding domain having binding specificity for a second antigen,
wherein the second binding domain is a non-Ig domain which binds to serum protein and

‘wherein the first binding domain comprises an affibody scaffold, in the preparation of a




proteins, cytokines, cytokine receptors, enzynes, enzyne - t and DNA
bi nding proteins. According to a twenty-second aspect ofgﬁﬁéggFg%§ﬁt
invention, there is provided a dual- specific ligand conprising a first

i mrunogl obul in single variable domai n having binding specificity for serum
al bumin (SA), and a second single in@ugoglobulin vari abl e domain having

bi ndi ng specificity for a receptor for a cytokine listed in the twentieth
aspect. According to a twenty-third aspect of the present invention, there
i's provi : . QQQHE! : i ¢ acid .seq as

defi ned ?%g?%gﬂgfﬁfg%ﬁ?ﬁ&%?gect. @%@g%?ﬁggfgggiE%§ﬁ$§9g%§$%ﬁ55§§%bt of the
present i Pro€mineensestthediabi-lifgofthomiltiemcific ligad dér vivsonpr i si ng nucl ei ¢ acid as
defined in the twenty-third aspect. According to a twenty-fifth aspect of
the present invention, there is provided a host cell conprising a vector
as def i neticorlinghie 2 vistht 3spdcd of tre pregeet mvention.othelk rig pravidad vhatmacsiticelh aspect
of the pr&agblitdd %&ﬁﬁﬁsﬂ%’ al BEHShekific pfié?%\!i dgd gginlea GRNHle O dGfLNGEy 1,0 the
twentieth asSpect for use€. in therapy.” According to a twenty-Seventh aspect
of the prideawceytingllyrspepiable cknipient] carrsr ondilend. a phar maceuti cal conposi tion
conprising a ligand as defined in the twentieth aspect and a

phar maceutically acceptabl e exci pient, carrier or diluent. According to a

t went y- ei AftfPHingsts eic severfth pipscipefethe presenvivventian therd isr wovidedor avéledfedcid | i gand
conpr i s NoddHinlIRRAOHLARI deftndd AL G aaD! e domei n, wher ei n sai d
domain specifically” serumalbumn wth an“equilibrium dissociation
constant (1(d) of less than or equal to 300 nM According to a
twenty-ninth aspect of the present invention, there is provided a |igand
conprising a Vk imunoglobulin single variable domain, wherein said donain
speci f i cAlcyrdingithenscighsh aspeeyiobtheipresout ittyertionetherke s tyovidesh adveswpeimatrising const ant
( Kd) Of-hﬁ&&c%&@&u&ﬁmﬁﬂHﬁksE&mm_ M 28 Decenber 2006 34f According to a
thirtieth aspect of the present I'nvention, there is provided a |igand
.conprising an imunoglobulin single variable domain, wherein said domain

speci fi calchbdraidl ffs -ﬁﬁl‘a%;’gct ] : Lel.n. sal ' i ses a set
of four Kgbat rangWO( ré%#@%@%%?égg?&gggsk é@?“ﬁ%?%gagﬁggﬁgﬁﬁﬁﬁga VH3

f r amewor Khegieetet gsdefingd in thedighthesnsctsegnent . According to a thirty-first
aspect of the present invention, there is provided a ligand conprising an

i mmunogl obul i n single variable domain, wherein said domain specifically
bi nds sefGeRTaINS e an teathd asnbsr efi the spresdntd orveritionc thepr issprovideds e ufe bbar Kabat

framewor ﬁMt{sﬁ&if%%aﬁfgéheﬁn%&iig 2 hirsCHEPOS 18 WEOHAGH NP otk FRBR R TEWOT K
germ i ne antibody gene
provide superior avidity binding to the first antigen and to increase the half-life of the

- muitispecific ligand or multimer.

According to an eleventh aspect of the present invention, there is provided a dual-specific
ligand compxising a first, heavy chéin immunoglobulin single variable domain having a
- binding specificity to a first epitope or antigen and a second, light chain single variable
~ domain having a binding activity to a second epitope or antigen, herein binding to one or both
of said antigens or epitopes acts to increase the half-life of the ligand in vivo and wherein said
first and second domains are not a heavy chain variable domain and light chain variable
- domain which share the same specificity, provided that said dual specific ligand does not

- consist of an anti-HSA v;; domain and an anti-f§ galactosidaseVy domain.

| According to a twelfth aspect of the present invention, there is provided a four chain IgG

" immunoglobulin comprising a dual specific ligand as defined above.




segnent. According to a thirty-second aspect of the pres i nventian,
there is provided a |igand conprising an epitope bindi n?gg)oeﬁ?{’fﬁﬁf&%%erei n
sai d epitope binding domain specifically binds serum al bum n and

- conprises;a non-inmunogl obulin scaffold and conprises CDR1, CDR2 and CDR3
regi ons, wherein wherein at |east onggef said CDRI, CDR2 and CDR3 regions
is froma human i mmunogl obulin single variable domain. According to a
thirty-third aspect of the present invention, there is provided a

mul ti - spedkdording kd gamteeminispest Y theVBrefdnt HVeRtidn) URsHO Q8 lppdvstlell . gl €

vari abl e gloor_rai ns éﬁer ein tul.east one of said two or nore inununogl obulin
singl e vaffbrEe g i”f‘?gmg‘ﬁfg?ﬁ 0 single yanpblflomainy having 2 frgh aufess or SARPDRher ei n at
| east onebioding gccifitiyoanl a BEbAd DTG ORWidgle SirABleCioMah BRI a Geimi NS

speci fical It%enbi nd% a ,second agt.i g‘ﬁln? .wWherein the specific binding of the
second aftEYeH PEORS HRITESRETEGI OBtFrShong Kotk UaridLBrtand sspend varidbleeases t he
hal f -1 i f edonfairs hindlto gamtigemor apitvie. wiACCIQEretisBOthe Balflitelvif ieMiphuUn o ampect  of

t he preseegttmj nvention, there is provided a nmulti-specific |igand

conpri sing fwo or nore non-i mrunogl obul i n domai ns, wherein at |east one of
said two or rjre ninfisoandinglsabid inimdepBbE wEeslE dbsahd de Hefgchanf i st
antigen, and wherein. g | east one of said two or nore non-inununogl obulin
single variabl e doﬁ“'ﬁ?%begoﬁ‘@‘&sf‘?rcal ly binds a second antigen, wherein the
speci fic bindi(iily ofthe fist amt thedernd ig@andgbRI HarBOR- ddrAiE WAOGEHR LA N donai n
i ncreases the haIf-Ii.fb?Qc;)f the ligand in vivo. According to a thirty-fifth
aspect of the presé’?ﬁ'a TR on, there is provi ded a pol ynucl eoti de

encodi ng prévidet! ilgawhenahe Bnyardsecons imiainoplebulibayishle MmERAROSIHhdli@VHiner eof . .

28 Dece r .2006 According to thirty-sixth aspect of the present

i nvent i gtr%l,% m?lﬁsérglg ‘f‘?fg?‘&wa’é’tfhésg%%@ fa"cﬁ““g%‘dmi‘é}“s‘i"? fF ?l’éarl@éf?,of Bnpri si ng

t he nucl digandaini dvaadoddeddt il Adnospg. wiiRCHEd2ng (HBLR dobdide ymE@MRNIphaaspect of

the pres in kgn = rovi ded_a host _cell or conposition

t her eof , %{g%lrarf)el’l g’i@ﬁ‘éqlcﬁ’eﬁ%}g"@ﬁﬁfi% a&é‘h‘*ﬁ’éﬁ' ’B‘HW@((’;%&SES& ng to a

thirty-eighth aspect of the present invention, there is provided a

conposi ti,on _.conpri.si i ga as defined, above,. and. an excj pj ent,

| camji er &7 ?Ip%gaﬁ? .fo'ﬁ@g?}ﬁ&fiﬂ‘?g‘ ‘%}gth%lp’iefﬁ“F i‘?"?’m"ﬁ’t e1g <5 PEvidsd atrﬂﬁhﬂ%r@éent

: nvent i Om"d"‘?f‘g e ligandp o défiled aaox{&ﬂaérﬁmfsﬁgta@ ﬁas:t limﬁﬂﬂi’ﬁgqm:iutiﬁ ?ﬁgl%oféﬁ_éﬁl@i ng a

carrier BPGH P T AP raREY 3P & o Sagle Mrnos DY BrREIa BRI Ly" or

"sim | ar déndin hatingee Secoid bindiRg YPRIFRRY, (dnB @r bELIGT (B¢ Bindiag dﬁ;c@cfﬂcﬁlfes: bangeabl y
ows. The sequences are aligned for_ optimnal

herein), ar. formed as. foll ows. : :
. cg;neaiap .) s%‘%&gﬁ Bg%ggé‘r’r%%‘. % e éaﬁgasﬁsaﬂlebléﬂﬁ“lﬁf (Bt digapd, in vivo,” the method

comprising the steps of:

| (a) selecting a first variable domain by its ability to bind to a first epitope,

(b) selecting a second variable region by its ability to bind to a second epitope,

(c) combining the variable regions; and

(d) selecting the ligand by its ability to bind to said first and second epitopes; wherein, when
 said variable domains arc a heavy and a light chain variable domain, the heavy chain variable

domain is not a Vi domain specific for HSA.

According to a fifteenth aspect of the present invention, there is provided a nucleic acid

. encoding at least a dual-specific ligand as defined in the eléventh aspect.

According to a sixteenth aspect of the present invention, there is provided a vector comprising
nucleic acid as defined in the fifieenth aspect. '




one or both of a first and a second am no acid or nucl ei ‘isfb%ized bsle%df) nce for
optimal alignnent and non- honol ogous sequences can be di sregg} de or '
conpari son purposes). In a preferred enbodinent, the length of a reference
sequence aligned for conparison purposes is at |east 30% preferably at

| east 40% nore preferably at | east (% even nore preferably at |east
60% and even nore preferably at |east” 70% 80% 90% 100% of the |ength
of the reference sequence. The am no acid residues or nucleotides at 28
Decenber : 019 PCT/.(GB2003/ 002804 35 .correspondi ng.am no

aci d posi %%gﬁiéng\cﬁg %8%?1@%%%%5 BaSH tﬂileo%rgseﬁ{ gwf’ﬁ’é’ﬂ’ %‘8%3?&031%6%3}?Sta&uposi tion

i n the figovprisiag e eevte aj defipetinphesstkideythtabpecisane ami no aci d resi due or

nucl eotide as the corresponding position in the second sequence, then the
nol ecul es are identical at that position (as used herein amno acid or
nucl ei ¢ atdcdrditigoroinogghiteenth asprel vhtberdreset iavdntion, Shae iisdprovidaiue ligind a&ci d
"identityy . ] it.y.between the two sequences is a function
of the nudﬁg%?dxg?wigggﬁﬁ?%g{wg?)Ogé%etl%{(t)hﬁ%ap%har ed by the sequences, taking into
account - the nunber of gaps, and the length of each gap, which need to be

i nt roduc i | f the two sequences.. 10 Advant ggeously,
the B A SingtPh bifplecn o TFRL pfient ISR, BEHRERT s shaBRAIHIT O Y
par anet ercmpesitionccoghpfisiog & ligardies slefiffddan BheAGdveathgapdct, iml b phatescutidadig i n

detail at,. g yblle\ré]?(géigﬂvga%r&?(&lugdtte ("www') of the National Center for

Bi ot echnol o mat i on ebi") of the National Institutes of Health
("nih") of the U S. governnent (".gov"), in the "Blast/" directory, in the

"bl ast _he|Roitlio af b Giethl, aneters are. defi.ned as, 15..f ol | ows,
and are advant é‘ééudé’k’g‘etshe’%ﬁ%"g%?ﬂ% rbcrieéq"%;tnuew nifork g6t is i gt smgpife T (Basi ¢
Local Al ligindeaempssing e firsT doinyndgbbolesigiel vargibleclopemr mbing biyding tspewifeitpl oyed by
the progggang . t b tX, 1hl and thl.astx: t.hese prograns
ascribe si gﬁ%%@%ﬁ.&%@?tﬂﬁ%ﬁ L (?nr‘lid% ngs“oglz’i)“rqign the® s‘ia%abl?es??néaéﬁl HEfRods of
Kar | i n ahtdmgspeskisity fra0@ntig20 sébeoted. fronathk grotp @dnsisSag of KFSAre8p(d) ARFH4- 8 (see

The BLASITSr agp aDNt, Caleidiopi L B85} 280 et bl Py e LEPRR g, Tor
exanpl e Esodugdnt EpgR,hEnihddine EGF-basic, dfiteoblass @muvahcfactorfide LY igamd, ar e not
oouce i ARl (B0 Tl IOk SRS ro. bl JERe RESE AR et a1
(1994) . PolffHE-2f Miv3, IBMABFSJLay HafELBv@R laab) m-&(wtam),mnolmlmﬂrem?r for )
5 o cohnek s, hAFUTH hoR YT, BSTETRhG 1) B AT 0! L0
: factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,

monocyte colony inhibitory factor, monocyte attractant protein, M-CSF, MDC (67 a.a), MDC

(69 a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.), MIG,

MIP-la, MIP-1B, MIP-3a, MIP-3B, MIP-4, myeloid progenitor inhibitor factor-1 (MPIF-1),

NAP-2, Neurturin, Nerve growth factor, B-NGF, NT-3, NT-4, Oncostatin M, PDGF-AA,

| 'PDGF-AB, PDGF-BB, PF-4, RANTES, SDFla, SDF1p, SCF, SCGF, stem cell factor (SCT),

TARC, TGF-o, TGF-B, TGF-B2, TGF- B3, tumour necrosis factor (TNF), TNF-u, TNF- B,

TNF receptor I, TNF receptor I, TNIL-1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2,

VEGF receptor 3, GCP-2, GRO/MGSA, GRO- B, GRO-y, HCC1, 1-309, HER 1, HER 2,

HER 3 and HER 4.

Aocording to a twenty-first aspect of the present invention, there is provided a dual-specific
ligand comprising a first immunoglobulin single variable domain having binding specificity
for serum albumin (SA), and a second immunoglobulin single variable domain having

binding specificity for an antigen selected from the group consisting of human or animal




"bl astn" conpares a nucl eoti de query sequence agai nst a ?_ggeg%biegﬁ)ogequence
dat abase; 30 "bl astx" conpares the six-frame conceptual Fanslatl on
products of a nucleotide query sequence (both strands) against a protein
sequence dat abase; "tblastn" conpares a protein query sequence against a
nucl eoti de sequence database dynami ggLly translated in all six reading
frames (both strands). 28 Decenber 200 WO 2004/ 003019 PCT/ GB2003/ 002904
36 "tblastx" conpares the six-frane translations of a nucl eotide query

sequence gRineStytd i ag&él@ | ofs0f o2 i yence

dat abase.ﬁgLAST }Gs%ges’t E*et&%ufcl)elr ?ég\;s\%t%é’ e r%éh pa aJrré: gdrE{SJ)FJ Eﬁfﬁ%}ﬁﬁ& splay a
hi st ogr an?8®W&cores for each search; default is yes. (See 5 paraneter Hin
-the BLAST Manual ). DESCRI PTIONS Restricts the nunmber of short descriptions
of mat ching sequences reported to the nunber specified; default limt is
100 descrigeriddigste § Seamtyupendeasesct Ve ithe presat naentioh, hergdy preSisted al éwl-EXPECT
and. QUTOfecifi-iEEEpridias b ir i fIAARATE SHERUGREAS dbflath Mol BRRmeSPEC 1 ed
for which high- 10 scoring segnent pairs (SH Ps) are reported; the default
limt is SBeFiflqiy fhppesira ibapinsSA) seduresrsend single immimglobgperariable slamainf y t he
stati sti Gabing bidBink kiR fohs R forlaUytdiiR BEkd ke thaf &LT and CUTORF
below), only the matches ascribed the greatest statistica significance
are reported. (See paraneter B in the BLAST Manual ). EXPECT The statistical
si gni fi caneedindnes hobsl-hak ! £ ' i

sequences; thegdef au%rft%_, val Si@gf%%%mg%%hlﬁ{%ggé%ﬁ%{:hesagﬁlgag)%%ggt ed to be
found mecERrsgsaidiyeleis acid sepenges Ay defined freths fifedatigspect. nodel  of Karlin and
Al'tschul (1990). If the statistical significance ascribed to a match is
greater than the EXPECT threshold, the match will not be reported. Lower
EXPECT t KCEUHiBE 39 aaiwentiydpusthsaspech 9€ e, preseatl invention, thersvie pravided cevestir ches

bei ng re@@mﬁlﬁmglﬁaefetaeiea@aefm@diﬁafet%ﬁy.agﬁeagé&?' e. (See paraneter E 20 in

t he BLAST Manual ). CUTOFF Cutoff score for reporting high-scoring segnment
pairs. The default value is calculated fromthe EXPECT val ue (see above).
HSPs ar e AceR@nd 8 afi t@ﬁ@ts : i I SfJ
significance, aéscri bggnt?gﬁtﬁﬁem I gf gﬁ%%gg%gﬂﬁ%&%gﬁgﬁ{@t %ggét;cgﬂ(l:ri bed to
a | one HSPUNERERG g0 delancd inthe twestythherttQWF@EF val ue. H gher CUTOFF 25

val ues are nore stringent, leading to fewer chance matches bei ng reported.
(See paranmeter S in the BLAST Manual ). Typically, significance threshold
can be nfferdingiqs twensy-sixthespegeef the ipragerPE@IOn, there is provided a ligand as -

defined in the twentieth aspect for use in therapy.

~ According to a twenty-seventh aspect of the present invention, there is provided a
pharmaceutical composition comprising a ligand as defined in the twentieth aspect and a

pharmaceutically acceptable excipient, carrier or dituent.

According to a twenty-eighth aspect of the present invention, there is provided a ligand
comprising a VH3 immunoglobulin single variable domain, wherein said domain specifically

serum albumin with an equilibrium dissociation constant (Kd) of less than or equal to 300
nM.

According to a twenty-ninth aspect of the present invention, there is provided a ligand

comprising a Vk immunoglobulin single variable domain, wherein said domain specifically

binds serum albumin with an equilibrium dissociation constant (Kd) of less than or equal to
300 nM.




MATRI X Specify an alternate scoring matrix for BLASTP, B TN and
TBLASTX. The default matrix is BLOSUVG2 (Heni koff & HenlEgiiém¥§§¥ﬁ§Proc
Natl. 30 Aacad. Sci. USA 89(22):10915-9). The valid alternative choices

i ncl ude: PAMAO, PAML20, PAMR50 and IDENTITY. No alternate scoring matrices
are avail able for BLASTN; specifyin% he MATRI X directive in BLASTN
requests returns an error response. 5 Decenber 2006 WD 2004/003019

PCT/ GB2003/ 002804 37 STRAND Restrict a TBLASTN search to just the top or
bott om st f t tr| ot a,.BLASTN, . BLASTX or
TBLASTX soar oo M BAae e e BUNEHRRS o i robibq U Aeap e of tne
query seqﬂbﬁ%@ﬂwﬂﬂhmERHmks%H@bm<begmewhemohmdhbnqmmnwmﬁ@ﬂyenmesmhmt have

| ow conp I V. t he SEG pro of
Voot fon & o ARl BAE fconlsd 3LEl AR FS R0 0 e
consi st i ngidset @%F@mé@fwcﬂdﬁ’ﬁﬁ ﬁymewcnk eermdihe amab@m@ne sgmetet er m ned by the XNU
program of C averie & States, 1993, Conputers and Chem stry 17:191-201,
or, for BLASTN, by the DUST program of Tatusov and Lipman (see the world
“wi de web AScpigingf tot # dhiNziBrst . asprict toé rthen gresenh iwlentiinn abeze 10 pstvaded st ligal| y

si gni fi cagmp t e om.t st out put
(e.q. hi t sgsgﬁ a%g%ﬂ%g%ﬁ%h%ag@ %[9 V%Q)Eé Haﬂalﬁ’ ‘QRJI%I%Isglﬁedyﬁaléh@g&?ca&lﬁ
| eavi ng thinsls r‘l‘fﬁ"{*‘@ Housnip gné ayberpin $airt émeem pwgprrseega (sctsofofbult Iﬁiebaqlﬁamywwlequence

avai | abl gedigis FROCisdill GetBd; %ﬁ& ARASE S gFﬁPc l.ow

conpl exi tygisequg?ce 1f oﬁnd IE?y a ter ggér am |‘§OII§L%S I u"?“z‘é‘)d%f “’ﬁ"g t he

| etter "REEMEHL nucl eoti de sequence (e. g "N' repeated 13 tines) and the
letter "X" in protein sequences (e.g., "X repeated 9 tines). Filtering is

only applied to the query sequence (or its translation products), not to

20 dat abdeordiag e acibisty-serond spect of ther resgnti HvEUST, thee iBIpASTIN] aSEGnd or ot her
progr ans comhy HOLpitd B S @ine f R FaflO Ll ot sked by. SEG - XNU, or
bot h, when %HSB’%l ed épl f)wsequ nc{emsiﬁl hvﬁlg%gghp%g?p gmgflgnatarenrmlnnsgeé{% ul d not be
expect ed bings my@mm eompaidsecron-imPunegieuiio seffol dargloweptees €RIsequences

are maskegbronnk @3  Shhbreid R4l rglﬂtalt Pﬂgfttcnl%t sgﬁﬁ ek Aldrid Ga Cl;]ggm ficance

of any natches report agal nst t e un tere query Sequence shoul d be
suspect . T9RORs isdomadhipman innoBroglibulindenelé Yarigble domeibe shown in the output, in
addition to the accession and/or |ocus name. 30 Most preferably, sequence

conparisons are conducted using the sinple BLAST search
- According to a thirty-third aspect of the present invention, there is provided a multi-specific

ligand comprising two or more xmmupoglobulm single variable domains, wherein at least one
of said two or more immunoglobulin single variable domains specifically binds a first
~ antigen, and wherein at least one of said two or more immunoglobulin single variable
domains specifically binds a second. antigen, wherein the specific binding of the second
-antigen to sald immunoglobulin smgle variable domain increases the half-life of the ligand in

vivo,

According to a thirty-fourth aspect of the present invention, there is provided a multi-specific
ligand .comprising two or more non-immunoglobulin domains, wherein at least one of said
two or more non-immurnoglobulin domains specifically binds a first antigen, and wherein at
least one of said two or more non-immunoglobulin single variable domains specifically binds
‘a second antigen, wherein the specific binding of the second antigen to said non-

immunoglobulin domain increases the half-life of the ligand ir vivo.

According to a thirty-fifth aspect of the present invention, there is provided a polynucleotide

‘encoding the ligand of any one as defined above, or composition thereof.




al gorithm provided at the NCBI world wi de web site descri in the
"/ BLAST" directory. 28 Decenber 2006 WD 2004/003019 PC%?%E%%%/&%SM 38

Brief Description of the Figures Figure, 1 shows the diversification of

VHI HSA at positions H50, H52, H52a, H53, H55, H56, H58, H95, HI96, HO7, HO8
(DVT or NNK encoded 5 respectively) ﬂni ch are in the antigen binding site
of VH HSA. The sequence of VK is di versified at positions L50, L53. Figure
2 shows Library 1. Gennline VHDVT VH, Library 2: Germine VK/NNK VH, 10
Li brary 3; N VK. Library 4: Cennli VH/ NNK: VK | n _phage

i opi oy SapuTRa: o f il S S PR kel SEOol MRt BN o B RE
generi c | fanesigoptheteed, ponfprizing themutleicacil asdefinbdgbovhie majority of the clones
and selected libraries are functional. Libraries were selected on 15 HSA
(first round) and 0-gal (second round) or HSA R-gal selection or on 9-gal
(first roberdidizgtd aHBiMY(sseotrmpacpoitty piesengimiverttits) thert qirowided :Sektdeller scFv

fromt hes&n&?gﬁm‘g&%ﬂ;‘%ﬁ%ﬁﬁﬂs e%]tfnia%%e- %F%F&eseqwnce. One cl one encoding

a dual specr'fic anti chosen urther work. 20 Figure 3 shows
an alignnment of VH chains and V. chains. Figure 4 shows the

character j satd: f e hindi Lt f the K8 antibod t.he bindi ng
properti es&g#(_ﬁrg}gql %@B{;%b&g ﬁgarhggﬁaééﬁlt 2“2“8'9 15)31/1’ t?rl%rﬁésc rgwg 2 f)%ng)goéﬁlﬁl SA, the
dual spectoniprisikga Heandlas defingdisboive andlart excipient] cad8 caddee@b |, 6- gal and di spl ayed
on the surface of the phage with absorbant signals greater than 1.0. No

cross reactivity with other proteins was detected. Figure 5 shows sol uble
scFv EL| Skecprifrzde atldrtyrgintpsharbefitbeprassatinyeationg tierais ptovieleks phantnadzoiibal

fragnent. = e t i 00 f 30, BS Q gal at
1010 gy SRR bomslePs WS B8 LEH 0y S 09 8 prbifiren RGN e
seri al didxcipiconeartidr or fiduel8 scFv was applied and the bound anti body

fragments were detected with Protein L-HRP. ELISA results confirmthe dual
specific nature of the K8 anti body. 28 Decenber 2006 WD 2004/003019

PCT/ CB20084184#®&4 of “homology” or “sequence identity” or “similarity” between two
sequences (the terms are used interchangeably herein) are performed as follows., The
sequences are aligned for optimal comparison purposes (e.g., gaps can be ini:oduqed n .
one or both of a first and a segond amino acid or nucleic acid sequence for optimal
* alignment and non-homologous sequences can be disregarded for comparison purposes).
In a preferred embodiment, the length of a reference sequence aligned for coﬁlparison
purposes is at least 30%, preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, and even more preferably at least 70%, 80%, 90%, 100% of the

length of the reference sequence. The amino acid residees or nucieotides at




39 Figure 6 shows the binding characteristics of the clg VH
anal ysed using soluble scFv ELI SA. Production of the sol uﬁ %gw
fragnents was induced by | PTG as described by Harrison et al, Methods
Enzyrol . 5wi®864@601983- 109 and t he supernatant contai np@geifieaszayed
directly. Soluble scFv ELISA is perfornmed as described in exanple I and
the bound scFvs were detected with Profsein L-HRP. The ELI SA results
revealed that this clone was still able to bind fl-gal, whereas binding
BSA was abol bfstaambndingmxﬁmcgwi@pﬂsnsﬂms\nsnmdimtidemﬁathme aref thatagdngdated, VAR A
vectors 1 an S a.m t he CH vector sed, to construct a
VHLNH2 rmul t |P§Ssl§%“| ﬁ‘is f SeAdee 1*"33"%‘?@?%’@(@ ‘Ehgf?SFFé‘e\()f H\‘FQWSF sed to
construct a M@N@oﬁmhg paqilﬁm ih g ded:@a@éhuendél mtahli ﬂxelﬁbl%ﬂlﬁs BRGEMRE] ARRAY
conmparing TARI- TAR.-5-19 di .and  TART-5-19 nonomer. 20
Figure 11 TNPSIP%UCéﬁt%‘?d becein pmingagid P 23016 - BRRPE) 15 SRR iRgiinhave

been FPkC peiior ngéleigndidt TRlch@§t| tBnd cehhﬁleﬂtﬁ | eBYech W LseaRéfck: re
shown. Figure 12 TNF recept oﬁgssaf%? 55,19 hegm)dl mersseal n df%fégrent

format's: dABmctionkethempnhes phidentigal ppstiigns é@reérbw seiagases, takiplg intoraneuntind
cysteine  2eltiiBe: 4 Bl5Eland SieTBlzth 5 K Sapl iR MHSBHUEREE el P 7Y

1. The sequence of the VH f r amewor on gernliine sequence

JH4b. Posit piégrnephefithe IgQeequetiersoni sation (NSA or T or C or G nucl eotides; K
G or T nucleotides) 30 has been incorporated into library 1 are indicated

in bol d underlined text. Figure 14 Dummy VH sequence for library 2. The

- sequencéo of Agyantagepifstyathe BIAST dgwdlin drergen 2D) ilsemkqmam: 8eqDBMES aliguitidh,

randor sat i S PRARCP st BB vl e SR deOiAD ot R PBAR BS) s

been i ncor pordd eddd meb site lﬁ‘t‘\aww”)Zoﬂﬂﬁ- NatitnalaCedler for [Bibtdchaprbey |Ihf¢>ﬁﬁaﬁcﬁ1><t

Tramovor K B-BHCLt R o Rttt e i) oF S B SobEnPranic aKer b e

randoni sat i the “(HNsK" directorg) in Ghedfbldst ﬂibi{élhﬁﬁt’lfﬂ@%e KearcHpa@dmelerd bifel RELEARS) has

been incorpprated into library 3 are i ed_in bold underlined text.
Figure 1% l\ﬁ@?‘@% ‘&i@eéﬂw lyééftﬂﬂéeé%ﬁ Tt DgRATeteBA dAbs MBA 16 and

VBA

BLAST (Basic Local Alignment Search Tool) is the heuristic search algorithm employed
by the programs blastp, blastn, blastx, tblastn, and fblastx; these programs ascribe
significance to their findings using the statistical methods of Karlin and Altschul, 1990,

20 Proc. Natl. Acad. Sci. USA 87(6):2264-8 (sce the “blast_help.html” file, as described
above) with a few enhancements. The BLAST programs were tailored for sequence ‘
similarity searching, for example to identify hon:iologues to a query sequénce. The
programs are not generally useful for motif-style searching. For a discussion of basic
issues in similarity searching of sequence databases, see Altschul et al. (1994).

25
The five BLAST programs available at the Natiomal Center for Biotechnology
Information web site perform the following tasks:
“blastp” compares an amino acid query sequence against a protein sequence database;
“blastn” compares a nucleotide query sequence against a nucleotide sequence database;

30 “blastx” compares the six-frame conceptual translation products of a nucleotide query
sequence (both strands) against a protein sequence database;
“tblastn” comparés a protein query sequence against a nucleotide sequence database

dynamically translated in all six reading frames (both' strands).




10 26. Figure 17 Inhibition biacore of MSA 16 and 26. Pubkig.eddfime MSAL6
and M5A26 were anal ysed by inhibition biacore to determ ne Ka. Briefly,
the dAbs were tested to deternmine the concentration of dAb required to
achi eve 15vwipfiRsnsad response on a biacore CVb chip copdedeywoiduzashi gh
density of MSA. Once the required concentrations of dAb had been

determ ned, MSA antigen at a range of moncentrations around the expected
Kd was prem xed with the dAb and i ncubated overnight. Binding to the MSA
coated bi acof®lashi ponmar@,&be $im-ﬁaamrtramlalﬁm op e andlsatide gaery seanencreapsinstatie at  a
20 high flo Fi rum | evel s of MSAL6

fol |l ow ng |\r,1¥1'){a§%£ Qans g?ﬂﬁ%/fﬁg ge@#ﬁ%%&%%% MSA16 was determined in
nouse. NBAl&EMuhesﬁdfcﬂbwsnguylmhpmeiersj: ections at approx 1.5ng/kg into

CDI m ce. ) ' it.h.a 2 25 c trrent node] showe 16 had _a tl/2a
o 0 ooy . AISTPBRAMDilufy & RieaRl Shstoiey [naRy AP Sefihts RadoR

consi der abl )parahﬂﬁgﬂhgmdsmaeﬂ]fmahﬁ@) conpared with HEL4 (an anti-hen egg
white |ysoz

ch had a tl/2a qf . 0.06hr, and a_tl/2.6 of 0.34hr. 30
Figure 19 Eﬁ%&ﬁ% 1)%&{ PREECtS cthe giugpoen © a‘?‘“‘( éif‘s%lﬁBWSn@f EGRRe SEHERSES TNF
bi ndi ng W tebpoed @Pthk inl@bér ETE deORR insit &910@51%3&@& ) E/‘}B%m:%tékgﬂ'ﬁ
Addi ti on of él\t/)BA W th tnhe Fa%gl [ E&e fraqgﬂ;prrent reduces t%e ﬁ%vel

i nhi bi ti on. tRmEuplpacy) el odRRELTmdCYTERY - TNFa was probed with 28
Decenber 200§ |G Wk@&ﬁ&&%a@e%ﬁ@%%%ﬁ@ﬂm@a sﬂé@ﬁecﬁﬁﬁ%ﬁlbﬁm’é&c CH

and Vic Cu Fab Irke fragment and alsoO with a control” TNFa binding dAb at a
concent rat i eerwdl segment quirs dHgPs)earg repariedathe glefpn| liroih is SRe ftmogadatBash t he

dual specifi I "a‘ﬁﬁc t he
presence and gq @{h@%gﬁg slgrlllfzl ftwgggﬁ%&%é%gu%hgg@%%ﬁa@el n tﬁé a{P L
speci fic weldee \Eé@EC&dandeﬂUﬂ‘@Fﬁobehw)hanlyabé/mpﬂm& heeribed theagreatest tskeéistibAb wel |

was not . reduce%[c%tcf:all ur éltgraﬁ{nhthQﬁ%ﬁg‘FFVB %ﬁﬂ specific protein

was al so putS € recep SRR MBA and conpetition
by MSA was Eb@ﬁcs‘hﬂmﬂémwlfm@m@nd@m)reshalmfsr repertimg shatalieasagainat ddvatnsk ng of

MBA to the dual I.C.1S.ca t|t| 10 bi nding. t Figure 20
TN T ocdbt or s e Dpu ot R Mt are i R e e e
by chance, according to the stochastic model of Karlin and Altschul (1990). If the
statistical significance ascribed to a match is greater than the EXPECT threshold, the

match will not be reported. Lower EXPECT thresholds are more stringent, leading to
fewer chance matches being reported. Fréctional values are acceptable. (See parameter E
20  inthe BLAST Manual).
CUTOFF Cutoff score for reporting high-scoring segment pairs. The default value is
calculated from the EXPECT value (see above). HSPs are reported for a database
sequence only if the statistical significance ascribed to them is at least as high as would be
ascribed to a lone HSP having a score equal to the CUTOFF- value. Higher CUTOFF
25 values are more stringent, leading to fewer chance matches being reported. (See
parameter S in the BLAST Manual). Typically, significance thresholds can be more
intuitively managed using EXPECT.
MATRIX Specify an alternate scoring matrix for BLASTP, BLASTX, TBLASTN and
: TBLASTX. The default matrix is BLOSUMG62 (Henikoff & Henikoff, 1992, Proc. Natl.
30 Aacad. Sci. USA 89(22):10915-9). The valid alternative choices include: PAMA40,
PAM120, PAM250 and IDENTITY. No alternate scoring mairices are available for
BLASTN; specifying the MATRIX directive in BLASTN requests returns.an error

response,




bonded heterodi ner of TART-5-19 dAb and MSA16 dAb. Additi MasW t h
the di nmer reduces the level of inhibiton in a dose depen&gz)tegéﬁenanger. The
TNF receptor assay (figure 19 (b)) was conducted in the presence of a

constant ceyismeidoadzbon of heterodi ner (18nM and a di | pgy@poefiRidess of MSA
and HSA. The presence of HSA at a range of concentrations (up to 2 ng/m)
did not cause a reduction in the abiligy of the dinmer to inhibit TNFa .
However, the addition of MSA caused a dose 20 dependant reduction in the
abillity of t3ERANDRestiot & ABLRAISTNTSEzh (¢ juguthe top Gahottbin Sradé wbitstdatdbes t hat

MBA and TNFa conpete for bindi t ed RT-5-19 ALl6 di ner.
VBA and HSASHIGIES: 6F EPopst ahﬁ%ﬁﬂ%ﬁ&%@ﬁ@%fﬁﬁ%%ﬁgﬁ&@ 05t he
assay. 25 Dei thek@cbrBeaen isRinddT tfqutRaeduanant ion  Definitions 30

Conpl enent a i nununogl obul in domains are "c | ementary” where they
bel ong to fgﬁ‘ffﬁﬁgyﬁ %fgrg?g@ﬁtft%§fmﬁiep%e¥yof?ﬂ“8’éﬁn§{;g hgxe r 9W0¥°‘E]1?Q§Hlﬁ§alor are
derived £ropmpsst, fadddidredNsy tRS TPG phdoParh &t WRHo Q% BXRMRh €(1993)VI |,
dormain and a VL donmain of an antibody are conplenentary, two Vu donai ns

‘are not conpPBHERE i Caerisiniol K492K$3DEE c37BBFNIR (OBSISING ob shorbpatetirity _
PCT/ GB2003/ Q02804 42ts, GO Rk oy Ble KNP LRIERIN 1Y ClatQi ke Beilsargosionai ns

may be found in other  nenbers of "t he |mTunoEI obulin superfamly, such as
the V. and Qpmpwers yand ncghegyisitioAddil Ab20fort e BLASTN, bechptlST |prograe afont ext
of the sec I gL i o i : = CANPLAREAt ary
domai ns doogg?ﬁg%%% r@%rgé(}tﬂ%o“{?ggu aeggrgﬁc:%%ér%};/tlﬁ?/gc%h' l':l)?tl}tﬂ::(?1.221l tagplll
" i ndepentient stytistierllh signéficant bt dajeticallyi unoyperesting iredortsdipub thedriast hefpwiale.,or
di fferent | ecul.es. Domai.ns.which ane ariiflici I based
on protein hsq%’aaﬁ?%?t(ﬁgmmo PECad% %’torlglmr%lcriw%&g{ ‘%%‘b@éﬁllﬂeﬁf’%g(sﬁ%e‘ﬁé‘ieﬁgergé%ﬁ% do
'S0, are nonmeeRphErEeivhasclthe qhdrk estjuaiee availbdomspadfib ametlingragbihstrdatpkasepl €) an
i munogl obulin domain and a fibronectin donain are not conplenentary. 10
1 mmunogl obui*AY™%i s refers to a fam |y of pol ypeptides which retain the
i mmunogl obulin fold characteristic of antibody nol ecul es, which contains
two (3 sheets and, .usually, .a nserved di sul phi de bond. ers_of the
i-mmnog}sob&w%gw%%?ﬂw?e Que& 8m§1moma SHE‘&‘é‘nglg&%E BRI and
non- cel | ul afycieBtid® REhdneE fe.g. TNV féﬁsatddrl(?'thh%sﬁ&d the letter “X” in protein sequences

(e.g., “X” repeated 9 times).

Filtering is only applied to the query éequence (or its translation products), not to
20  database sequences. Default filtering is DUST for BLASTN, SEG for other programs.

It is not unusual for nothing at all to be masked by SEG, XNU, or both, when applied to

sequences in SWISS-PROT, so filtering should not be expected to always yield an effect,

Furthermore, in some cases, setiuenccs are masked in their entirety, indicating that the

statistical éigniﬁcance of any matches reported against the unfiltered query sequence

- 25 should be suspect.

NCBI-gi Cavses NCBI gi identifiers to be shown in the output, in addition to the

accession and/or locus name.

30  Most preferably, sequence comparisons are conducted using the simple BLAST search
algorithm provided at the NCBI world wide web site described above, in the “/BLAST”
directory. '




15 widespread roles in the i mune system (for exanple, agtsid%f:’é&l% ook~ cel |
receptor nolecules and the like), involvenent in cell adhesion ??or
exanpl e the | CAM nol ecul es) and intracellular signalling (for exanple,

recept or nw@sisk/eReresuch as the PDGF receptor). The ppepeBiootssgati on is
applicable to all immunogl obulin superfam |y nol ecul es which possess

bi ndi ng domai ns. Preferably, the presentginvention relates to anti bodi es.
20 Conbi ning Vari abl e domai ns according to the invention are conmbined to

f orm a gr oup Brigf Dasnripition of therFigwaspl e, conpl enentary domai ns may be

conbi ned, such as VL donmains being conbined with VH donai ns.

Non- conpl enentary domai ns may al so be conbi ned. Donains nmay be conbined in

a nurrberI of Rigwel i nveiowisnle Hivﬂdﬁ'ﬁ‘_@ﬁi@foﬂ%?Hﬁﬂrmaiplasiti&)s_ HZR Hmymsgﬂtz\-}\ﬁg )
‘non- coval ent neans. i i S rotein structure whic
retains its tertiar yDgSF’UBﬁ%r Cf‘%nﬁ@%eﬂ%én?ﬂ@fo?ﬁ%@ygsf’r HNEhengndsd ei n.
General | y, domains ar fespeRERINSWALE hPin tesEritRbR biddM}C kit Ba PrORET trygs of
proteins, and in many cases may.be added, renoved or 30 transferred to

ot her proteins w t houtedPgse obYk fsivarsified sy posiinsddfel Bder of the protein
and/ or of the domain. By single antibody variable domain is neant a fol ded
pol ypepti de_ _domai n conprising sequences characteristic of antibody

vari abl-e dofguEs2 |t $he@sdiibee L:iGeenlinr/PYHYit e anti body vari abl e domai ns
and nodi fied variabl e dongijpsry, 4. ¢f | Ang8vyecember 2006 WO 2004/ 003019
PCT/ G112003/ 002804 '.. 43 ]_lin i 5’ one ‘or nor e’ | oops have been replaced by
sequencd8 which are not cHdbrast®Gegnlire VigbVAWk body vari abl e domai ns, or

anti body vari abl e donmi ns L"iﬁ%ﬂh @*%P%e@ cated or conprise N .or
as trol ded fray

C-term nal extensions, as we ments of variabl e domains
which retain at |eastn phagardispldySchy nidimd. alhesei liradesdwepeprefstletity fof t he

full-length domain. ,Repertoire.A.collection of diverse yarjants,.fo

exanpl e gol ypepti de vbe{lrl(ﬁ%%%osge\%m@r\ganﬁ ?rpgnﬁﬁngﬁéqt?ln&?oﬁﬁ?vhgmé A
library used in the pheelends andveadtédiibravids larecfiaeHnals I ibrariésopaE babdt&@l &f -

ol ypept | des conpri si east. 10Q0 nmbers. tQ Liprary The termlibrar
Ir[).efglrosp% a m x'[nljre ﬁg“hz{i@{?ﬁﬁﬁé‘&g%ﬁ%‘?b@&? 06:}&%%1119?%0%@} 0 The Y
library is conposed of-gai¥filsefoand)ens MSef ?s_%‘&in&hoﬂi:@y&gal HSAGkBctioROIbRMRL | de or
nucl ei ¢ acid sequence. _Tg thjs extent ibrary is _synonynous with
“repertoire. Sequence 7Y Wéh%%@%@%%ﬁﬁ%@ﬂ&ﬁ%ﬂﬂ@ﬁ@@ﬂ@ r@ag,Rleng bl e

for the diversity prepsffigd dhat §Rcikit Bittory K8 TR chbdh #r¥uriRY wbake the form
of a sinple m xture of 15 pol ypeptides or nucleic acids, or may be in the

formof organisns or cells, for -exanple bacteria, viruses, aninmal or plant

cell s apg t]ﬂ%i?’ke’ tsﬁmzinoiﬁ'&ﬂeﬂ@o}‘bﬁ @ha!iﬁs%ﬁw Alfucl eic

Figure 4 shows the characterisation of the biﬁding properties of the K8 antibody,

the binding properties of the X8 antibody characterised by monoclonal

~ phage ELISA, the dual specific K8 antibody was found to bind HSA. and

- 25 $-gal and displayed on the surface of the phage with absorbant signals

greater than 1.0. No cross reactivity with other proteins was detected.

Figure 5 shows soluble scFv ELISA performed using known concentrations of the

K8 antibody fragment. A 96-well plate was coated with 100ug of HSA,

- 30 BSA and $-gal at 10pug/m! and 100ug/ml of Protein A at 1ug/ml
concentration. 50ug of the serial dilutions of the K8 scFv was applied and

the bound antibody fragments were detected with Protein L-HRP. ELISA

results confirm the dual specific nature of the K8 antibody. |




acids. Preferably, each individual organismor cell contaj ecoqﬁy e or a
limted number of library menbers. Advantageously, the nuclerc acids are
incorporated into expression vectors, in order to allow expression of the
pol ypept i dego siaeeded by the nucleic acids. In 20 a pr ebei/ashoasRaa! |
therefore, a library may take the form of a popul ation of host organisns,
each organi sm containing one or nore cofa es of an expression vector
containing a single nmenber of the library in nucleic acid formwhich can be
expressed to produce its correspondi ng pol ypeptide nmenber. Thus, the

popul ati on host organi . has .t he tentjal ;to de a Ia

repertoire gigﬁ%ﬁetlc OF§%%§§%u%%dﬁ3FV§§EFngw3§Pegﬁ?%% m%ﬁ@?%d
conformation mnul ti - spedigddotubld GRNBLISIE SExbIReisn af theibdlubls p@oiffdgmehts gapd as
herei n defined conpri si,n t st . twg i n ins as herein
defined. The tern1‘cwgggﬂ%gééﬁgﬁﬁﬁFP@WS% EP”§5§€Q%@€&ﬁ%§§WBf means t hat
the epitgpe binding MMQSQf)QEﬁ@ﬂﬂelsﬁﬁﬂﬁtaﬁf&nﬁdhﬁﬁg\ﬁﬁﬁ aSsdfdd difeaily. epi t ope
bi ndi ng by one epitope bindin n conpetes wth epitope binding by

anot her epi t ope bi ndi % “]ﬂ‘éﬁ%?"grﬂﬁ*ﬁa%qu@nnedcaég]ﬁ%’@%’ﬂl@?@ﬂ@@ 1sad thedopedind by

- each epitope b nding gefvireuBEiud iR PloleREIHRO! TheRMALBRROMIed B
cl osed conformation of the bgand can be achi eved using nethods herein

descri-bed. 28 Decenbethiszlyms way\gilp ddatodiahdgalpehivres 2oui3reiRRRwAas dwlishkd: | body
An anti body (for exanple 1gG IgM IgA 1gDor IgE) or fragnent (such as a
Fab , F(ab Fv i ide linked Fv cFvy, closed conformation
nultlspé8|fkgﬂia%tlbd%9 HF§WHHW VErighledpraEyectys & ) whet her derived
from any species naturally producing an antibody, or created by

reconmbi nant _DNA t echnol ogy; whether isolated 5 from serum_B-cel

hybri dormas, FigMEedt ectidrfadiar yE e (or vesinrtused 49 comsiapt %dét,l(‘f’m?cmuitga%ﬁ%

| i gand conprising a fidagd 1 Mmunogl obulin single variable domain and a
second i mmunogl obulin single variable donmain as herein defined, wherein the
vari abl e regions are capable of -binding to two different antigens or two
epi t opeg;Ong I

m)nospeél fi C‘}Ei@mmnogl ggmﬁa%m%m %tgpu@l&%&%&&?é\gfae ?{%Bﬂfﬁ@ﬂecﬂ}é 1% on t he
sanme hapten, but are not the same epitope or suff|C|entIy adjacent to be

bound b i . d._The dual Lfic | h
mvent i on’ ol BuBolipos o UL OA S HERGIETC ohp Aoy EART o o7 e £t (11

specificities, and dorAari-sdomidgnomeriut ually conpl ementary vari abl e donmai n
pairs which 15 have the sane specificity. Antigen A nolecule that is bound
by a ligand according to the present invention.

20 Figure 11 TNF receptor assay comparing TAR1-5 dimers 1-6.All dimers have been
FPLC purified and the results for the optimal dimeric species are shown.

Figure 12 TNF receptor assay of TAR1-5 19 homodimers in different formats: dAb-
‘linker-dAb format with 3U, 5U or 7U linker, Fab format and cysteine
25 hinge linker format.

Figure 13 Dummy VH sequence for library 1. The sequence of the VH framework
based on germline sequence DP47 — JH4b. Positions where NNK
randomisation (N=A or T or C or G nucleotides; K = G or T nucleotides)

30 has been incorporated into library 1 are indicated in bold underlined text.

Figure 14 Dummy VH seqﬁence for library 2. The sequence of the VH framework
based on germline sequence DP47 — JHA4b. Positions where NNK




Typically, antigens are bound by antibody |igands and ar abl e
rai sing an anti body response in vivo. It nay be a pol yp?gﬁ?egférgbeﬁ?@iﬁei n,

nucleic acid or other nolecule. 20 Generally, the dual specific |igands
accordi ng tyap bdagodsiwenti on are sel ected for target spegrtisSiokdngdai nst a
particular antigen. In the case of conventional antibodies and ragnents
thereof, the antibody binding site defijged by the variable |oops (LI, L2,
L3 and H, H2, H3) is capable of binding to the antigen. 25 Epitope A unit
of structure conventi eadbinjsati@=Ayr Bor CrorBnagleotiddsi K Moy nugRblides)
Epi t opes define the m ninmum bi nding.site fqr an _antibod and, t hus
represent the targeiﬂaﬁkee?d’émqr Vt%]f&brérﬁfaéﬁ?ﬁnﬂjﬁW@“ﬁ#‘i cpiped it a
singl e domai n anti body, an epitope represents the unit of structure bound
by a variab%e domain in isglation. 30 CGeneric ligand A ligand that binds to
al | menber sESRISLY o p PRy &« ssgnenca fon librarg3. phimeequense @l e Yiadiamswioden
binding gite as defi %&dagﬂvﬁmmnﬁ'sle@&h&é P 9XﬁrIpJaf:S PQéHidiQew}?éer A,
protein L and protein G 28 Decenber 2006 VO 2004/ 003019 PCI/ (GB2003/ 002804
45 Selecting Deri vedaispmisation ¥y or dror feer & auclpgtidgs; Barvi ot Amusledtiles) on
process, in which bingi 1 | , i nd the
antigen or epitope orhrag %g&%ag#%%%g%fﬁﬁl 6@%5‘@@%@%@3’&%@% 5€')le. Thus
a first variable domain may be selected for binding to an antigen or

Gommi . Uni DRRS®? AR R0 Reannf LBt oy SRS S Bl ©

correspomdi ng to theeéregions of an anti body conserved in sequence as
defined by Kabat ("Sequences of Proteins of Imunological Interest”, US
Departnment of Health and Human Services) or 10 corresponding to the human
germ i ne i nFigmedobulhitibiiepriatde bEMYA B adi6U Parifisd debs med 16 khyd Sl a and

Lesk, (1987) J. Mol. Biol._ 196:91Q-917.. The inyention_provides for. the use
of a single franemrl?‘fereo‘imaysg‘g}é’y @E?}hblﬁ?oéﬁﬁ/\%?twm-c@%’ Heetitsound to

permt the derivati @Rrfestéll Ith Utdmtind e Rbmtehtidion RFCAAY ¢dduited O YSHReve
variation in the hypervariable regions alone. 15 Half-| iqfe The tine taken

for thel%erum concentPPRUoe BIPoRsRon ¢ Giasrre CHLY ddp seatesl with achighi densityiafo, for

exanpl e. due to degr aggdA oon@ thh@qhitdemcaRdiGs & B8R HIA%LE SRAHGSL, ation
of the ligand by natural mechanisns. The |igands of the invention arc

stabilised in vivo aMPA eplégen s range pé conserteatioesaioynd itheieipgeted Kavtascul es
whi ch resist degr adagfeﬂﬁcéan\gfﬂ?rth&hﬁﬁraﬁﬂ"}&ugﬁe@hﬁgﬁsbﬁ@dﬁﬂgo% mipegal ly,

such nolecules are naturally occurring proteins
coated biacore chip of dAb in each of the premixes was then measured at a

20 high flow-rate of 30 pl/minute.

Figure 18 Serum levels of MSA16 following injection. Serum half life of the dAb
MSA16 was determined in mouse. MSAI6 was dosed as single i.v.
injections at approx 1.5mg/kg into CD1 mice. Modelling with a 2
25 compartment model showed MSA16 had a t1/2a of 0.98hr, a t1/28 of
36.5hr and an AUC of 913hrmg/ml. MSAI6 had a considerably
lengthened half life compared with HEI4 (an anti-hen egg white lysozyme

dAb) which had a t1/20r0f 0.06hr and a t1/28 of 0.34hr.

30 Figure 19 ELISA (a) and TNF receptor assay (c¢) showing inhibition of TNF binding
with a Fab-like fragment comprising MSA26Ck and TAR1-5-19CH.
Addition of MSA with the Fab-like fragment reduces the level of
‘inhibition. An ELISA plate coated with 1ug/m! TNFea was probed with




t hensel ves have a long half-life in vivo. The half-life %%lﬁcérﬁhi%%é S
increased if its functional activity persists, in vivo, for a longer
period than a simlar ligand which is not specific for the half-life

i ncreasi ng w@bmebdsgre Thus, a ligand specific for HSA aﬂéT/?BEEﬁ;E/&E&M nol ecul e
is conpared with the sane |igand wherein the specificity for HSAis not 25

present, that it does not bind HSA but Rj nds another nolecule. For exanple,
it my bind a second epitope on the target nolecule. Typically, the half

- life is increased by 10684l sp2if4Vi309and4URCKIAWHRE HABMEnt 2hDEKEFRES cb #Ihe
~range of 2x, 3x, 4x, W]@&&l 20x, 30x, 40x, 50x or nore of -the halt life
are possible. Alternative Y L3 FARenGRfion silonlated de siva a similar signajenof up

to 30x, 40x 50X, GOX(eTMISABGoh B dsal o KEWn dABS PRk :t{/érgbiél{sh% 30

possi bl e. Honngeneousmnoassa An i nmunoassay I n iC aﬁg
detected without nee pltesinelie prosensg And tin e Psemne ofrtngim! BERMd The

reagent s.s 28 Decenber 3208816Gn MO129 - 1002804 46
Substantially identica éélqlr1 " subs'?g%tﬂ?g?ﬂig ﬁ%éﬁé%ggﬂog%\%réﬁ’ QWI %6 aci d
or nucl eotide sequen&8nd atheddvt wethwannotuédiced etrall Genfigre 09a)i dwBisi@al or

equivalent (e.g., with, oy - Sl | 4 . 0., conserved o acid
substitutions) anino acﬁlgbe?gg:pgﬁé%%rg%gﬁﬁéc@go@ﬁgeggpt{)‘baséays ?f@m WS aci d
or nucl eoti de sequenc¥Sduen edmpetitioreby MSA vams dissedond (s@figige asd)d Diis

nucl eoti de sequences Lodan.activities. .In the case of antibodies,
the second anti body ﬁ%ﬁéﬁf%@sﬂéﬁé’%@f%ﬁ%ggk6‘?%4“5?%11?0@?1eF wFpelfive it 50%
of the dPfinity of thiedispteTNFeo As used herein, the terns "l ow

stringency,"” "nmediumstringency," "high stringency,"” or "very high.
stringency conditions” describe conditions for nucleic acid hybridization

‘and washi ngFig@ei 20anc eTNB recpgind asay mwmgbirnhi@itéﬁbfwrtﬁécﬁ% Qrﬁ}ﬁ-aqﬂ%@ﬁdé ound
in Current Protocol $ i B?déﬁl ec¢1| ar tBi ol Og% John WIle Sons, N.7Y.(1989),
6.3.1-6. 3.6, which i SOt BEFImPEAT RARL ML JAPeAd MAAES idAD tAdditinn oft v .
Aqueous and nonaqueoUdSABLDEE Bhne fFuds U icP8 LA Anibid) M?E@Jeed(}ﬁgn nd
ei t her ﬁgzm be used. SEECIfI %ﬁh bridization conditions referre 0 herein

I r

are as follows: (1) C VECRRIBY PRy Afigwn 180MYi wionedicted ¥ tiwodi um

chl ori de/ sodi um ci t r Fhr@edcdIEL citsiRAP : shes.in 0.2X
SSC, 0.1% SDS at | eagr_gt SOCCAtShe %ﬁ%@?&%??‘#@%@p @é&@?@%ﬁﬁ% on

increased to 55C f orseligiwok M gande iSfondiThe aprsence 2F HBAi atmas tangagency
hybri di zati on condi t iceRtSniriticRend %g%g? f 0l .O\Aﬁ{}Bb .Qne or nore
washes in 0.2X SSC, 0.19% SDS _ﬁ%et%c; ‘ )&Eﬁlék“és*’?fgf‘ﬁ%‘g‘ﬁ%‘i}‘ ? PifiBEed on
conditions in 6X SSCthdissoigtinh{BCTNFg!. | Haveryehheonidition of WISL cdehedoden 0. 2X
SSC. 0.4% SDS at 65Cqenfak rElBAA 1V mb Shinty o¥ ol Fhed i ‘IS Norer (Higure
19a).This demonstrates that MSA and TNFo compete for binding to the
cys bonded TAR1-5-19, MSA16 dimer. MSA and HSA alone did not

have an effect on the TNF binding level in the assay.

25

Detailed Description of the Invention .

Definitions

.30 Complementary Two immunoglobulin domains are “complementary” where they
~ belong to families of structures which form cognate pairs or groups or are derived from
such families and retain this feature, For example, a Vﬁ domain and a Vy, domain of an

antibody are _complementary; two Vy domains are mot complementary, and. two Vi,




hybri di zati on conditions are 0.5M sodi um phosphate, 7% SIQ§ ece qJSCQOOféoI | owed
by one or nore washes at 0.2X SSC, 1% SDS at 65C. Very hig r'ingency
conditions (4) are 25 the preferred conditions and the ones that shoul d be

used unl essy@bdaghish@e specified. Detailed Descripti O”P{?flehfh%s/ﬁdlﬁnti on 30

Unl ess defined otherwi se, all technical and scientific terns used herein
have the sane neaning as commonly unqustood by one of ordinary skill in
the art (e.g., in cell culture, nolecular genetics, nucleic acid

chem stry, hydidifhi s@tic?eolPERh@reS CORthldhaatRe Abmbiny Jmay 5 angar th b@ehni ques

are used for nolecul ar, genetic and biochem cal nethods (see 28 Decenber

2006 WO 200%Mbe3ef tepuruapsioudn sumrsbumily suckeibs Ybpyd Vs&ﬁmaa% R) qamains,
Mol ecul t SPE b
Uaborat or y BE e To6cpiedBET B donbBP Uit s fn iph i) of b ShePhighfioh" DOf

Prot ocol s i moivuingderhentari @drmjgs (d 9®9)biskinaEthrged cheleanld egor@raBuely, buhact whi ch
are inc rporate r er enc h 2 ration
of &1 gl S el B bikor SWEEE Hifbef WMANEULIR, o TSR, o7, dERA
accordi ng t eotdodles. n%ﬁmmnymumatemﬁﬁﬂﬂemohrasodomm bauecbamﬁ)mtasintsbszolds

according to,the, desired, confi tion o vention ared
accor di ng t §™e Qod(br”é’wb&%le?t%?? S%H"é‘ﬁm?eéﬁcpﬁ? q‘g)ego ety Wﬁﬂﬁ%}n?ﬂ“’éﬁd of
ant i body - enpikeeRE] Bge dofaink sl epAFat &xampl) HC hmuridgivdgin daRiaibaad es and
ot her engi nger ed anti body nol ecul es. Techniques for the preparation of

ant i bodi es, IBRBeHR dﬁ’é‘ﬂnlaé%’i‘c’&f”o%? EBE¥M Wi ¢ antibodies, are for exanple
describggl in the follow ng reviews and the references cited therein: Wnter

& Mlstein, (1991) Nature 349:293-299; Pl ueckt hun 992) | munal 0%1 i cal
Revi ews 15 Imwunegiohwiin T ghpfergt tog 2 @Mz)o cpelyp which retain the

I4I n Lrlni g o|449 i éﬁ)%uiélé"@dé{i 9%%%@ ic §‘f %ﬂ&f guleé ]v%ﬁﬁQ 6%%0”% 5%‘3%}— ecl m

‘& Hawki ns, RdEusu@Ilﬁ,%()onﬂ'mﬂTdkmﬂlnﬁede Mmberi Qﬂﬂl@dmnunbﬂdgénbumfmmm

(1997) Nat ur e Bi chnol . 15 . 125-126; C
bi ot ebhnol - oxs aael 8 My st f ek an S0 i LM, Brouding,)
3, 83-10%6; RliesgasdderglesPin ShdvimelnantsystémMiof BR%&uple,Cantibodicp| m‘-ceBl mt:qxl:dirnol 8,

1o 190 1300 it kel i emet o Aot R Eras T UG AMBIERHAR e

agai nst t WoardiihtiReRlhr sigialling €fes exxinpdp irdcoposmoRadess silvh ag tePDEOrpema). on of
var 1201 Qo HBCER By P B el imseleghen ol Sl i

possess binding domains. Preferably, the present invention relates to antibodies.

20
Combining Variable domains according o the invention are combined to form a group
of domains; for example, complementary domains may be combined, such as Vi, domains
being combmed with Vg domams Non-complementary domains may also be combined.
Domains may be combined in a number of ways, involving linkage of the domains by

25  covalent or non-covalent means.

Domain A domain is a folded protein structure which retains its terfiary structure
independently of the rest of the protein. Generally, domains are responsible for discrete
functional properties of proteins, and in many cases may be added, removed or
30  iransferred to other proteins without loss of function of the remainder of the protein
and/or of the domain. By single antibody variable domain is meant a folded polypeptide
domain comprising sequences characteristic of antibddy variable domains. It therefore

includes complete antibody variable domains and modified variable domains, for example




sel ection procedures which are known in the art. Natural [%agrl 1895 Mar ks
et al. (1991) J. ML BioL, 222: 581; Vaughan et aL (199 ure”Biotech.,
14: 309) which use rearranged V genes harvested from human B cells are

wel | known w@adolpesseioskil led in the 30 art. Synthetic | pppakl (ﬁ§00(2§(pogenboom
& Wnter (1992) J. ML Biol., 227: 381, Barbas et alL %1992? Iéroc

Acad. Sci. USA, 89: 4457; Nissimet alg{1994) EMBO J., 13: 692; Gi ffl t hs
et aL (1994) EMBO J., 13: 3245; De Kruif et aL (1995) J. ML Biol, 248: 97)
are prepar ednbglnahloﬂabﬂgoﬂeﬁmpschgdrejtﬂah taplabhcﬁafmsuenwwdhﬂyamsbtr@aﬂ@aiﬁicr ors in

t he PCR 28 6. WO 2004/ Q0030109. 03/ 2
. B TafE o o7 SaTOas T pplE SRS NHACh g gehdmoBROFGSS Can

lead to a hP Faries may

sel ected ag %mﬁisemarog @-teftfiink D@finsiins, %@Iv&dumsfolﬂecp&agﬁmw of ariable ddmmse

si ngl e domai n, b|nd|ng is directly selected, for. referred
net hod for Feia aldfas “’éﬁ‘é‘éﬁ X‘PSW%%@Fﬂﬁﬁg’?%ggﬁgqﬁﬂgﬂP nvent i on
. conpriseg usi ng a sel ection systemin which a repertoire of variable
domains 1s selected for binding to a first anti

r epj tope ag’ﬁ]bc
repertoire Bepertaiveablfe cellsrbomel figerse vatnisy ior siam I%Pﬂa’ﬁ YREPIAG vaTa %antl gen
t
or epitope. g gﬂa ?Aiﬁ&ﬁﬁ&gm@pemg &&?hseﬁﬂﬁﬂ&%&@ﬁﬁ%ﬁ&%ﬂle&@ﬂ@hﬁ% are

t hen conbi ne gand sel'ected for binding to both
first to antpstusedpeltpiptdes compaising epleast Bi09gemnesmf or mati on | i gands are

sel ected for binding both first and second antigen or epitope in isolation
but not sinultaneously. A Library vector systens 15 A variety of selection
syst ens tar eLihmm_m i n Thheemr fibwy ctfemrte = nibttelol & Kederogaseousnpalipeptigaseerent
invention. such syst ens are ed he r ge

| anbda expr E@Zﬁn% g@sﬁni&f?%}f 508 ?Sggnoe ééer%t %‘;H o mcﬁgﬁvg %)1 R

pl aqgues or palymptideniotuckicl ycﬁquma,ncdnoi‘dnths gxteRy i Mbyisjsmwmenb‘ (Wiﬂllse et
al. (1989) - 20 Scienpc 1275; ton @nd Ko OWSkI e1S990 Proc Nat | .

e,
Acad. Sci. (gparare. “er’r%l‘ffff’r&&“étbe een  § pgiple &5they s A

87: 8095; Pgk&si@NpRienfiin tHeliSfdry.: ﬁ’h@ﬁbmql\&hy také(ﬂiﬂ forﬁx;of a Lsin‘.fixld\nuxtﬂﬁ of2432)
and are of use in the inventjon. Wi] st )i,presm on t[stems caﬁ_
ot

used t olscredrpeniides oy nyeigic FeIds.QrdRRY ofgrganisms qr cells, K1 Zamp

really sui Bfeetna,%ﬁﬁésesjﬂmagopﬁimh%mﬁndwm &aﬁ@cﬁ@ﬁ‘ﬂ&ﬁtﬂ zhHlitafyOcﬁ' mekteer s) .
25 O particular use_ in the construction of libraries are ;‘B'F g |0E di spl ay

syst ens, V\m‘%{h? Prsfrasbily eachindividual oraynism g ¢sll qopiams gniy pneRs 2 e it

EXpresses. érgrqné?z%e?é 'Adv%ta,ée%hﬁ? tth@ Rudléis REAY aRYifiédRporhied dntd ¥ghressidnhat
permts the seletlon @ilswta spl ay neans, of thelndlwd aI
o)

menbers of vdsters, iherdestotsllowieHpnersion ﬁéh@m%medeaﬁqulﬁd by thyarucleiopgifysin
20  a preferred aspect, therefore, a library may take the form of a population of host

organisms,; each organism containing one or more copies of an expression vector
containing a single member of the library in nucleic acid form which can be expressed to
produce its corresponding polyf)eptide member. Thus, the population of host organisis
has the potential to encode a larée reperioire of genetically diverse polypeptide variants.
25
A ‘closed conformation multi-specific ligand® describes a multi-specific ligand as
herein defined comprising at least two epitope binding domains as herein defined. The
term ‘élosed conformation’ (multi-specific ligand) means that the epitope binding
domains of the ligand are arranged such that epitope binding by one epitope binding
30  domain competes with epitope binding by another epitope binding domain. That is,
cognate epitopes may be bound by each epitope binding domain individually but not
simultaneosuly. The closed conformation of the ligand can be achieved using methods

herein described.




30 Selection protocols for isolating desired menbers of lgrge. Libsayies are
known in the art, as typified by phage display techniques. Such systens,
in which diverse peptide sequences are displayed on the surface of
filament ousypapieséophage (Scott and Smith 28 Decenber p2pBf200de25@04/ 003019
PCT/ GB2003/ 002804 49 (1990) Sci ence, 249: 386), have proven useful for
creating libraries of antibody fragmenjs (and the nucl eotide sequences
that encoding then) for the in vitro selection and anplification of

speci fic ant iAnttydy r agireaitiboinbr ddamgledlgGarastigAnighoenigEMoC A Eradnt Ysueh al . |

WO 92/01047). T n ot.i de.sequences codjng the VH and VL regiqons are
linked to 5 a&@ngzﬁ“f r gg”h@htﬁs"’ \i@?ﬁ“ﬁﬂldggllfﬁ(%%{‘}eﬁ &r g]é’F‘%n%ﬁ“gOWH?n &?“}“é%‘?mﬁﬁem to
the peri pl asmiifodypais@pkifie-lifkedGRFV, AMBIRSwheth® Sehived Homr BSUpbast n@ﬂﬁhfody
fragnents are di spl ayed on the surface of the__bacteriophage, typically as
fusions to FRYEPESHHAHEOGeAT cprist dvnscquebipat DIVA techpolggs| Wiether isolated

Al t er nat isvelfom @Rl FReIsf Ky%ﬁ&@xﬁéssuﬁ{sfec%'nﬁ\E')@Xs%gr@déﬁeﬁgﬁa' Iy on | ambda phage
capsids (phagebodies). An advantage of phdge-based di'splay systems is
that, because they are to biological systens, selected library nenbers can
be amplifie i oyﬁ%& : Wt Raloe e Lprary
menber in b22?e5?% m?é??é. rSﬁgﬁﬁgﬁﬂ?ggﬁﬁggﬁ?ﬁ%kmﬁﬁiPﬁ%??%%ﬁﬁggﬁgﬁge t hat
encode t he pul ppespumiddinminoglebylimsinglervarigble glomainnedherinadgfined evhepein gheageni d

vect or, sequengt . ess| . sequent qe e nipul.ation.s
relatively gﬁhg)lle&%p,[o ggr(%rcgﬁdb%oﬂgﬁﬁﬁo%go 6‘%? &ﬁﬁrggtc%ﬁgﬂsu%t o 1ct)‘?pes o the
. bact er i aphagemamitigbndshicli &plnay ndmbilgrbioesd ayd themsphaificpinageoglopnks s iFon
libraries are |1, knpown.in the art (MCafferty et al. 990 ture, 348:
552 Kang oPrai (e Tl 2y, Bf on e efie 4Bpied (i o ot aplecAoBE Gy on
et at (199)ffidiaitlyr sdjacdhiZio ¥e2kbund Gyrwmmosdspadifid ighl) Bicodae epesificyligadls
10832; Burton et at 20 (1991) Proc. Natl..Aca ci U S. A ,. 88:.10134;
Hoogenboom BfCowng ﬁfgéﬁ gﬂNﬁ‘E}c’Qi feﬁt?fn(ﬁgsedl'\%fs?""}mgb: g‘lﬂ@%s “Ekn Bavet different 1991)
J. I munol . gpedifidities b, doBic icbhtaiOmefald} cdrShdnt£5p Variabld @dmaihddhirs MAiMS et at
(1991) suprgg Bar bas et _at (1992) supra; wki ns and Wnter °(1992) J. '
| munol 15 obavegeramgapeaificdy- o) ., 1992, J. Biol. Chem, 267: 16007; Lerner
et al. (1992) Science, 258: 1313, incorporated herein by reference). 25
One particul arly advant ageous approach has been the use of scFv
‘phage- | i br afhtgen Hys tdolesleghat iy bagd by pEgangpceording el thegrpsen) Myationgs:
5870- 5883 Shaumhaicls A podAI0)enB6: ligabldnd oALANDISEH robbi r antiB
1066-1070: M Caf ?’ertﬁ/g B G P by et 4 1S antibddy
response in vivo. It may be a polypeptide, protein, nucleic acid or other molecule.

20 Generally, the dual specific ligands according to the invention are selected for target
specificity against a particular antigen. = In the case of conventional antibodies and
fragments thereof, the antibody binding site defined ‘by the variable loops {L1, LZ, L3 and
HI, H2, H3) is capable of binding to the antigen.

25  Epitope A unit of structure conventionally bound by an immumoglobulin Vg/Vy
pair. Epitopes define the minimum binding site for an antibody, and thus represent the
target of specificity of an antibody. In the case of a single domain antibody, an epitope

represents the unit of structure bound by a variable domain in isolation.

30 Generic ligand A ligand that binds to all members of a repertoire. Generally, not bound
through the antigen binding site as defined above. Non-limiting examples include protein
A, protein L and protein G.




(1991) Nature, 352: 624; Marks et at (1991) J. Ml . Bi oI.8 %gm 65%%
Chiswell et at 30 (1992) Trends Biotech., 10: 80; Marks ezt al l(i J.
Biol. Chem, 267). Various enbodinments of scFv libraries displayed on

bact er i ophagse@adzer ot ei ns have been described. Refip L® hage

di spl ay approaches are al so known, for exanple as 28 Deggiﬁ;gerSIg)J(%%Og WO
2004/ 003019 PCT/ GB2003/ 002804 50 descrjbed in W96/ 06213 and W92/ 01047
(Medi cal Research Council et al.) and 4\17‘097/ 08320 (Morphosys), which are

i ncor por at edsdi@tiagn bYDeHOEREHP @Er%‘enit%, ke ldeSyst BYS DRkiEaNRIRlbN Grddelyr & i es of
pol ypeptides involye the use of cell-free 5 enzymatic machinery for the in
vitro synt h&&jeh tinding anteraeiions prenmadrobalwesma damaivpandolie antigen aroipitops es ar e
sel ected bypabhksl Bab&idRAYNHE AfanBELEG! &RRpAIRARSE L g d PCR
anplification (Tuer k_ar_ldyGoI d (?9%%) S(_:Ijiﬁgﬁ(_:e, 249?&58@@% ?C%ﬂrlfg?g%ayage
andSzost ak Sf(@&ﬁo@ Néndiggefo 3 @ntiga 8y epiopd i Her presotmpyiretheeabstree ufed t 0

i dentify.DNA, WA i nd a predeterm ned human transcription

fact or (%’hi eé@@&gﬁg&gzg%m(ﬁélg ‘Nucleic io Acids Res., 18: 3203; Beaudry
and Joyce (1992) Science, 257: 635; W92/05258 and W)92/14843). In a

simlar wayqy LEr ransl ati,on_can used to synt hesise polypeptides
as a met hodUPg’qus\éie%éarggi"Pﬁb | ar 6e31?$ﬁf)raﬂ B, am%vg%ﬁ TE1HBFs CWﬁSE‘H‘%&]E’r ally
035/ 03453, - V0901 ATB5  DS0) 07005, DL 02070 0oL Oa0ss. and s of
) , ) , ( ), , .an

092/ 02536.Prﬂfef’&rﬂfginﬂ}lémlf%ma’i%ﬁeé% yﬁ@ﬁg@m @rﬁ%f ap %%é@%ber, such
as those di adegading o WEIRNZA 62EmaRAMmWOS BloBlifPrpérfide or B cttkS Gis [dBBned

pol ysomes to 8#’!%5%% ioll%pe tides for selection. A still further category
of “techni qu¥s 129e L8y 41°6) T dplo Biaks 1966181 Gi (Lbs invisntign proyidesafor the
conmpar t mentige of\isiidleatdrad drl Qr lal sBKFIB I FraBe WSRE Wil hds b3eDRBAd W@Q‘H}&t . For

exanple, a 20 sel ection systemin which nucleic acids encoding desirable
gene pr oduch derxptipe of gjrgiatly @ny hinding specafieityl theughovaniationhin theheperiariablel

emul si ons igsd@sfsldbed in W99/ 02671, W00/40712 and Tawfilc & Griffiths
(1998) Nature Biotechnol 16(7), 652-6. CGenetic elenents encoding a gene
producthaving a desired activity are conpartnentalised into  mcrocapsul es
and then tr@asgfl bed I I cld ve,gene 25
roduct s (AUR L or of B A o AR T efith SAcBIANYE 6o O Bl P RATR SRR O
produce genevprfodecmpiaduatg ddgsdation ofitheiligatd amler chaabmmesioestbogirsitonte@d. Thi s

approach s ts.gene roducts of_ . interest by detecting, fhe, desired
activity byl By g %ﬁ%&%mssghé.hgﬁdgﬁiﬁ%ﬁ ptiRlion e TBHISS o s
i ntended f ahiciSielifkfk infecasamlyy HAE Slecll@viie Rst RERDMBEARIKPOWEaAR t he

art, for exanple as set forth above, or may be purchased from conmerci al
sour ces? | % Sgqyesization. ypically, such molecules aré naturally occurring proteins which

themselves have a long half-life in vivo. The half-life of a ligand is increased if its
functional activity persists, in vivo, for a longer period than a similar ligand which is not
specific for the _half—life mcreasiﬁg molecule. Thus, a ligand specific for HSA and a target
molecule is compared with the same ligand wherein the specificity for HSA is not
25 present, that it does not bind HSA but binds another molecule. For example, it may bind
a second epitope on the target molecule. Typically, the half life is increased by 10%,
20%, 30%, 40%, 50% or more. Increases in the range of 2x, 3x, 4x, 5x, 10x, 20x, 30x,
40x, 50x or more of the half life are possible. Alternatively, or in addition, increases in
the range of up to 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 150x of the half life are
30 possible.

Hemogeneous immunoassay An immunoassay in which analyte is detected

without need for a step of separating bound and un-bound reagents.
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the present invention are described, for exanple, in v®“g¥3%§§é§x5 ce a
vector systemis chosen and one or nore nucl eic acid sequences encodi ng

pol ypept i dggo efosoddh@r est are cloned into the library V?Eb@%mm@&ﬁmﬂay
generate diversity wthin the cloned nol ecul es by undertaking nutagenesis
prior to expression; 5 alternatively, {pe encoded proteins may be expressed
and sel ected, as descri bed above, before mutagenesis and additional rounds
of selection are perforned Mit agenesi s of nucleic acid sequences encodi ng

structurall eptides is carried Qut b andard npl ecul ar
met hods. b‘&? Hﬂ’ EE@ @g‘pse’ﬁ@taﬁﬁ?lyfrm%%"&ﬁi n rg 3nﬂm‘8? apdror

(Mul'lis andmﬁﬂ’éoﬁ@é‘@ {1k98 thet ddtdnadssubAshiRimber bBfentB3bor é&ﬁi’vﬁleﬂt (eCQ¥dpor at ed

by io reference? whi ch uses nultiple cycles of DNA replication
catal ysed b¥ samafﬁ@wbémaﬁge copsrzed apEnR 8if SERNTRONINERIAS cacidoresidpisi 9ty t he

target sgq Uﬁtg:f%u@és t%'rag%ci%'éﬂ $hind %édé\ﬁll ﬁugi%@ﬂﬂkehﬁbnﬁ:@ﬁmﬁ that tﬂ_J@rsPQﬂSsreEdﬂflt I on of

various anti iscussed in Wnter et al. (1994) Ann.
Rev. | nmuno#migy aqu or nadeatige smdnqeeb@fe@méas agliiies. In Hsreabmof agberlise, ﬂ@

f d o d
per o e U0 A A8 RN A SRS oS SRRAD o ORI o

a | arger andesdme.of prinmer when the prinmer pool is heavily heterogeneous,
as each sequence is represented by only a small fraction of the nol ecul es
of the pool, and amounts becone limting in the 20 later anplification
cycl es. 1A t ypiediherchndid emsflak stidngency,t imsdiugi stﬂﬁgM” ‘Dighpsteingafey,”

o 1 SO €% et SlptngBach domafilons Sitobtie RSl LS i ByatigRS

“pol ynerase a(nE'Bafdsmﬁg Ebﬂiﬁi’auce ﬁﬁ@é@csm@gt Hybrﬂi%}th@ﬂ@adﬂﬁh@ panzgslfonad &f Cieet t ot al
laid and the PCR erfor using a

volume of 25 I. Mnner IS ov d

b1 04 ammbi BoloRel el Bioiamie Ry SprsaN e paP b4k JRL Bt o of
a PCR cycl encagoried herdmh By RIS it fentirél eﬁ?uebﬁs 2 arh§skohmeto@PidaNce to
the stringency. reqU|renents in effect. Annealing tenBerature and _timng

are det Br i deecribpd i thel refRenest idc pidhe pauibe HisGhi SPecaficohytmdization sonsitionsd t o
anneal t0 gefeh AR mﬂ%massé Js%u@kegr %F) Rl HifpRES BFEMaﬂoﬁ aoﬁdlaensi 8l gxated;

obvi ously, when nucleic acid nolecules are simultaneously anplified and
mut ageni sedodipinsehdarisde/sodiumedjirite £8SChat dbenis45°€0 fallewed dyftimoswasherindd.- oK

synt hesi s. b e.the stringe of rlner an LAY
condi ti ons ﬁ-gste\%g)'f é’# tyahfeﬁﬂtaﬁ%d EJ TRt o g%é bt gt“ém%ﬁ?l ﬁ%aglsnet he
art. An an ﬁ&aldmgrmgﬁﬁ’pebﬁdaﬂdﬁiﬁ),qﬁ) breldivee Sirid fenCy apbkidiZationi condisienk inl 6Kt i al
denaturatlon of the npl?te X

SSC at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 60°C; (3)

high stringency hybridization conditions in 6X SSC at about 45°C, followed by one or

more washes in 0.2X 88C, 0.1% SDS at 65°C; and preferably (4) very high stringency

hybridization conditions are 0.5M sodium phosphate, 7% SDS at 65°C, followed by one

or more washes at 0.2X SSC, 1% SDS at 65°C. Very high stringency conditions (4) are

25 the preferred conditions and the ones that should be used unless otherwise specified.

Detailed Description of the Invention

30  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art (e.g., in cell culture,
molecular genetics, nncleic acid chemistry, hybridisation techniques and biochemistry).

Standard techniques are used for molecular, genetic and biochemical methods. (see




nmol ecul es normal |y occurs at between 92C and 99C for 4 nggjeganbeF%dﬁomed by
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consi sting of denaturation (94-99C for 15 seconds to 1 minute), annealing

(t enper at urg sRieBskned as di scussed above; 1-2 mnute nsi on

(72C for 1-5 mnutes, depending on the |length of the g%ﬁﬁ@?gﬁﬁ%)?oduct)

Final extension is generally for 4 mnytes at 72C, and maybe fol |l owed by

an indefinite (0-24 hour) step at 4C. 5 C. Conbining single variable

domai ns DomaigAesraliye Satibrook tehel. | Moknhlao Qlonipt & E@ePAbSIMaABY, RE L (TR gged by
o

ty of t,.dnclud | ent ‘and | ent
et hods. 10 reﬁﬁrﬂﬂﬁ%ﬁﬁ%ﬁ%@a@%ﬁﬁﬁaﬁ@mﬂﬁgwﬁ L ypechusebel |e¢£zﬁgmvise”

descri bed, fm . B t aL,
(1988) sci enc‘é“%ﬁ%mﬁ%%"lf%%f TRORTLOR) 4 b8 BER TR O 5088, ) Wb vt dea 1 n

Bird et al. BSHROF lenein by referaing) anirdtsmmahnethdds, Journal | mmunol Methods
231 (1999) 177-189; Hudson et al, Proc Nat Acad Sci USA 85, 5879 15 5883.
Linkers are preferably flexible, allow ng the two single domains to

interact. aeparititoel immampglobulin bafe@nydtiSpecifid ligpas . Where n=1 to 8, eg,
2, 3, 4, 5 o0r 7. The linkers used in diabodies, which are |less flexible,
may al so be enployed (Holliger et al., (1993) PNAS (USA) 90: 6444- 6448). 20

I'n"one enboduelpecific hganis adcerdu@qalmeyﬁdeﬂnanﬁﬂieﬂﬁﬂ o%%?ﬁ%%tﬁgﬂdtnﬁb nk ers.

region. Vari combin usi ng

For exanpl e, &%Jf'f&n rrrg gfis}%ﬁscﬁ’flgﬁ‘frﬁf@mb? |‘g§é¥§’emiﬂi’o%aﬂé@ pipasedy ecording to
nat ur al hg- opmmonalyl@stdfhshétgltda:ﬁﬁ @&é oYl B 8 fidi® lted to
stabilise VH VH VLVL.or imers (Reiter e?¥%dﬁ§°d¥@¥g11§gﬂ§ggj | n Eng.

VH-
' 7:697-704) BfP aﬁi‘f”’Pe%d‘e‘T‘% a-%"r'ieaqt’il?f’@ﬁﬂ‘ aee ofer woxgineeried andibodyb nmlecdlzsmi Ns t o
t heTédhhiqueanfer S d et aI
(1506, Prote nEng. 1 ??“t“@“’ﬁt"%%"‘“é’?*a%d"’? i S R
6: 781- 788) . PEF¥EP Oc%?ﬂheaﬁéQIEff@iowlm yevigys end the sdferencss myedﬂhénembmntép&m ns of
| Tmunog! obubigsia, 4081y MNardfl BASLYEBGT pRBLIAC ) ARIRI AR i AP HBS ST OV o

as appropriate 1n accordance with tte present
| i gandscan! 3951 +188;c Watght er f{éorﬂflﬂ.?m;@rhoﬁsw Psmiol 485-168;" Bb Diged'p, &

confi gur at i Wi SGt 19 t [ for 2006 WO
2004/003019 PC11:/ g00§/0028 4!§g§gl:%n m4gﬂw@aﬁe ef al. %1%996.1(;%batother 4,

63-470; Chester, K.A. & Hawkins, R.E. (1995) Trends Biotechn. 13, 294-300;

Hoogenboom, H.R. (1997) Natpre Biotechnol. 15, 125-126; Fearon, D. {1997) Nature

* Biotechnol. 15, 618-619; Plﬁcktﬁun, A. & Pack, P, (1997) Immmunotechnology 3, 83-105:

20 Carter, P. & Merchant, AM. (1997) Curr. Opin. Biotechnol, 8, 449-454; Holliger, P. &
Winter, G. (1997) Cancer Immunol. Immunother. 45,128-130.

The invention provides for the selection of variable domains against two different
antigens or epitopes, and subseqlient combination of the variable domains.
25
The techniques employed for selection of the variable domains employ libraries and
selection procedures which are known in the art. Natural libraries (Marks et al. (1991) J,
Mol. Biol., 222: 581; Vaughan er al. (1 996) Nature Biotech., 14: 309) which use
rearranged V genes harvested from human B cells are well known to those skilled in the
30 art. Synthetic libraries (Hoogenboom & Winter (1992) J. Mol. Biol., 227: 381; Barbas et
- al. (1992) Proc. Natl. Acad. Sci. USA, 89: 4457; Nissim et 4. (1994) EMBO J,, 13: 692;
Griffiths et al. (1994) EMBO J., 13: 3245; De Kruif ef al. (1995) J. Mol. Biol., 248: 97)
are prepared by cloning immunoglobulin V genes, usnally using PCR. Errors in the PCR




exanple VH and VL) are present in associated form such hat

associated VH VL pair which forns an anti body bi ndi ng si [Secég?egé?((gsnrrpl e,
scFv may be in a closed conformation, depending on the arrangenent of the
| i nker use i the VH and VL domains. If this is oyl y
flexible tgvglg?oglev&?ﬁe domai ns to associate, or rigidl yPEg}IfG%g&gj&{lﬁdé‘m in the
associ ated position, it is likely that ufe domains wll adopt a cl osed
conformation. Simlarly, Vii domain pairs and.VL domain pairs may exist in
a cl osed confPEP%§ER Fagnlcad @emdighl dogreet dfi rendentibatibe. &/ f winizér VN libfaried @8€ be

associ ation | ch as by a rigi to linker, in the ligand
mol ecul e. Li %geﬁfjege‘?g%ﬁg? iR s O, Bloits, eficretyy o ease Single dowaiah t he
nol ecul e whi hdingisdirastlysseleied ) drtbgefter.of the |igand and a second target
nol ecul-e. Thus, the ligand will typically only bind the second target

nmol ecul e on dissociation from the nol ecule which increases the half-life
of the. | isgandl preffrihmethotefor ntahig GORE! §3d6ikib URarl ackbiifehto Y bsef ik
dinmers without l.inkers provides for conpetition between trhe onai ns.” -

Li gands accof GPRTS S8R e YRisM ifashichor Epoairenf variable dopains isowefeotedat i on.
In such a cordindin@io Ofikst nfiSer d i i -0 1Sia Ul usl y. bi nd
both the nol ecul em%\/ni ch 20?? né%gg%?s'ﬂghgeﬁr%g?@?#ﬁaé%g?h{pﬁ%ﬁﬁagggaiﬁ%&gﬁa t he

- “second. t ar gt ok pesondronigen o ypitapsy Thebsedectrdrivariakle ifirstaamd Gpemd variable

ConF i gur at | @i akd thed AR @ o iaMpe i idlnd\8lchel 30, SRRNOR ARARL 1O

the domains not to interact and forman anti
conpet e Por nbsesefidtigen exepitepe: dJpred confernmion dipasis atervelebied &abinddis Do VH or
V1/ VL di ner $irst bt QRIG re: . d together by rigid |inkers.
Natural ly, such domain p ?]}@-ﬁgg&\%l Fsgﬁgﬁn%%r%g?@uf%xqsk antigen binding or
forman anti body binding site. Fab fragnents and whol e anti bodies wl|
exist primaily 4.4 d conformation, although it will be

appr eci at edAt' hatLlLf)rﬂsac?l%%%%%%sed dual specific ligands are likely to exist

in a variety of equilibria under different circunstances. Binding of the
| i gand a ] t.is likely to shift the bal ance of the equilibrium
t owar dsE?heAg‘gaéltﬁ%l(’:%ﬁ?elleﬁE?%ﬂsgﬁﬁs arg kpewn dp theath Whichoare suisabic R usg in dhet he

i nvention cpmseakinséntion. Ex@mpsledfondbdykiemns atelesctBbdibdign, one of which (the

open form can . bind two antigens or epitopes independently, 28 Decenber
2006 WD 2004/ 003019 PCT/ GB20031002804 54 whilst the alternative

f or mat i oBacfdrfoph g4 | td; ' :
conf or mat i OBacfdridphapeiamtldd expilssioars My 8k Qé}gen@ﬂedlﬁglstg'ag% b?cﬁﬁﬁqﬁagg%

antigens or_.epitopes thus conpete for binding to t
conf or mat | FHRUSAPCE 38 Fglenten ©f dpwacsobatho pravowsldesspibedt (Hhuse & gdn@ 988y t hus

exi St 1 eCBicnbd) a46m1273; NCahe am KoBRAM PIoBb] Byl Qe 8 1 B 58P VE720ed
that the ecMi libriumw 'l favour the closed jf‘g'r'o;c] Nl Waat e o5, bi
ullinax et al. (1990} Proc. Natl. Acad. Sci. U.S.A., 87: 8095; Persson et al. (1991) Proc.
Natl. Acad. Sci. U.S.A., 88: 2432) and are of use in the invention. Whilst such éxpression
systems can be used to screen up;;‘ to 10° different members of a Library, they are not really

suited to screening of larger numbers (greater than 10° members).

23
Of particular use in the construction of libraries are selection display systems, which
enable a nucleic acid to be linked to the polypeptide it expresses. As used herein, a
selection display system is a system that permits the selection, by suitable display means,
of the individual members of the library by binding the generic and/or target ligands.

30 '

Selection protocols for isolating desired members of large libraries are known in the art,
as typified by phage display techniques. Such systems, in which diverse “peptide

sequences are displayed on the surface of filamentous bacteriophage (Scott -and .Smith




noreover, the open form can be sequestered by target bi n? 2 @OGCI osed
conformation. Preferably, therefore, certain dual specific |gan% of the
invention are present in an equilibriumbetween two (open and cl osed)

conf or mat i %23%},3@9& specific ligands according to tp(?rlbﬂi/o%{i_}ﬁdz&'} rray be

nodified in order to favour an open or closed confor I'on exanp
stabilisation of VH VL interactions witf disulphide bonds stabilises the
cl osed conformation. Mreover, linkers used to join the domains, including
VH donmi n anﬂl99|1) doemden 2@: r386) rhaye t;ﬁm@nnu;stcﬁlhcﬁ)ed:r&uﬁ@ thaiestdsfeantma,ap from
I s favour ed,; |nkers ter| al I nder the association
of 15 the dofr ents {@H@H‘” ﬂug gd? Sr?&'ﬂ)‘?nﬁ%srt eﬁ(ﬁ’ )g% @FH’WB” g&riactioasndiues in
~ opportune |ampaﬁ¢annﬁ of s;feciﬁlﬁe.nﬁiﬁﬁygﬁmgnt@fhaﬁblﬁdl nt@plt@ntigdli (McBhitkg) &g Whi ch
will keep tq@O%?@ih@ u‘?s:lpéa”y spaced q%art D. Characterisation of the
dual - speci f i T 7 FRIPTRGODFCPHEE HisaYn apl¥ Fasions apabitked 6o i t s
speci fi ¢ santgegeRpnhtsephitlopRSIE ﬁadé?%lgumg%a%@uaﬂ the%?%ohﬁg §emésﬁﬁc a!c!e op®

famliar tothose Skl|| ed in the art and incl ude A In a pre erred

enbodi nent  &f < |aﬁ\‘7‘é?ﬁllfc§he wrHanantibedy fagmegts gsg @@lemd ot |ﬂmmurfamghe ELI SA.
25 Phage EL %%ed@ﬂaé&etﬁﬁfaﬁ?ramlé%CtPrbq{:tQ%)O&hg%@%t &‘Utéu?sbt%gd g% 60 Vi, 20

exenmplary protocol 1s set”forth at1o
each round éftesativaly, i abedin egmerds @-@néﬁplﬁmd tﬁtﬁmlhgmyamﬁlal Sifge ocaphids

sel ected an epl.t o ge..ant bodi es. 30
Phage from glﬁg?e&i%ﬂf g?t%gﬁg%é"et%flr Eé oni §a¥ &' ese pgcau e J[tﬁeﬁr?g can
t hen be 18cr bistngitabyys@imsSeelcaed Hemtyi rhymbafmmem: Ibemaiphﬁm]ag@l;ahjrlgmﬁng?.he It is
al.so desira b antib nts f bi ndi ng to, antigen
or “epi tope. D Buafliife 08 Borgf Bt w0034 el SRR R Gihoode
2004/ 00301 9niEntiGB20080co G 6dcodd theblolyplptide litgary eagdei 3, coﬁt@fne@lﬁﬁ Aphege

Wnter at at. (1994) Ann.

agai nst a C term nal tag.(see for. exanpl

Rev. | munof Béng’fffXﬁ‘-’rsﬁ‘Hﬁgc‘}(‘%f BPEEeY a&frlr]tjsé‘gseﬂ“@? SeReticTRanigiloiens is v of

t he sel ect ettignelg etraiphtéoevardal ant i bodi es may al so be assessed by gel 5

el ectro?horesis of PCR products (Marks at at 1991, supra; Nissimat at 1994
supra), 5probi ng (Tom inson at al., 1992) J. Mdl. Biol. 227, 776) or by

sequenci ng Blethole foreht Qonstfddlen &f bﬁftéﬂé@hégeem{%od}[)dﬁf)la? %Fdrﬁe# C«mJi 'lﬁﬁﬂ@s 10
As descrlbed above, an antibody is herein defined as an antib
exarrpl e | gd’ £9 R;fpressmn libraries aré well known in the art (McCafferty et al. (1990) Namre
348: 552; Kang et al. (1991) Proc. Natl. Acad. Sci. U.S.4., 88: 4363; Clackson et al.
(1991) Nature, 352: 624; Lowman et. al. (1991) Biochemistry, 30: 10832; Burton et al.
20 (1991) Proc. Natl. Acad. Sci U.S.A., 88: 10134; Hoogenboom ef al. (1991) Nucleic Acids
Res., 19: 4133; Chang et al. (1991) J. Immunol., 147: 3610; Breitling et al. (1991) Gene,
104: 147; Marks et al. (1991) supra; Barbas et al. (1992) supra; Hawkins and Winter
(1992) J. Immunol., 22: 867; Marks et al., 1992, J. Biol. Chem., 267: 16007; Lemer et al.

(1992) Science, 258: 1313, incofporated herein by reference).

25
One particularly advantageous approach has been the use of scFv phage-libraries (Fruston
et al., 1988, Proc. Natl. Acad. Sci U.S.A., 85: 5879-5883; Chaudhary et al. (1990) Proc.
Natl. Acad. Sci U.S.A., 87: 1066-1070; McCafferty et al. (1990) supra; Clackson et al.
(1991) Nature, 352: 624; Marks et al. (1991) J. Mol. Biol., 222: 581; Chiswell et al.
30 (1992) Trends Biotech., 10: 80; Marks et al. (1992) J. Biol. Chem., 267). Various
embodiments of scFv libraries displayed on bacteriophage coat proteins have been

described. Refinements of phage display approaches are also krown, for example as




I gA, I gA I1gE) or fragnent (Fab, Fv, disul phide Iinked Fv. cEv i abody)
which conprises at | east one heavy and a |ight chain varzlsal%cgm%%%@n, at

| east two heavy chain variable domains or at |east two |light chain

vari able d } may be at |east partly 15 derived eci es
naturally gf%gdg??(ﬁgﬁan anti body, or created by reconbi ﬁg%@%wzgogchnol ogy;
whet her isolated fromserum B-cells, bri domas, transfectomas, yeast or
bacteria). In a preferred enbodi nent of the invention the dual-specific

l'i gand conprdes@bedln WEASE/062S andOwaIoRMN 647" @A et FedsBarMR 0B C QMBI Of an
ant i body and on? single light chain variable domain of an antiboddy, or two
si ngl e heavy’&H/08p Ephasyey which Brednymerateicherqip by ssferiemice, the |igand may
conprise a VH VL pair, a pair of VH donains or a pair of VL donmmins.  The
first and the second variable domains of such a ligand may be on the sane
25 pol ypept Pther e¥itams. fon geaenating Vibkayies 98 ypolysptides o invobysathatuse pfl opfiefpei de
chains. dn C . Q §@1FI?- i derchai n_they may
be |i nkegd b%/rﬂgm I'n %crhgdé Fggﬁﬁgéﬁ{)%ro esglelt?l%gstl a %18%&%21%%})5%‘ gl ecd%eerrrll% ?C?’as
“descri bed aRkNhenolftulesfarg slectmicbyssltenntt wandsaiflseledipmedgamsnmtardee ligamadndnt | y or

non- coval e asseci.ated. | n_ .3 . tha h oval ept |

associ at ed %#%gm@ g@%ugﬁﬁ&i%%{ﬁaagd ré?/ltd 3299@??%% ééé‘bg%dglﬁ*a?% ?Iﬁieg%oé t hat

t he vari abl (egm)rmmh' 8, 'mses:s@l Acﬂimf]laffﬁéﬂﬂﬁq\ic @&ﬂg&;eh@aegd ﬁiemﬂg MA%ﬁq&ﬂceﬁ or
i.nstance usin e displ.ay, fechnol ogy.as_ herein descy] t hen t hese
vari abl e dom&hgnggpﬁg%tgﬁ?iﬂ%/d%ﬁ% B@h‘?‘a@t@%@i’ées @ggy%b@’%@‘: 56
CONpri s a AudsvRdssaB: 5203rBemiidty 208iI6fe (3902 Stlake, 2871 bu3y WBY2/bL25806@9Ni sed
by a speci f\lV ?@?‘?‘@I | i gangd as herein defined. The use aof universal

f r amewor ks, é@ ‘| fﬂgénagm dWaYsh& [Vie tipaslationceramdg pepd\ipogyntierise. 5

Vhere V- genRiypBRRks 8 § BRSO S&raE 1AL BRadidd. PRb4RARAIHeyHEONRRSEy | S
preferably located wthin the structural |oops of the variable dOfT%I ns.
The pol ypepemgeses stibidised obsompt papplexesy iateh|descaibeehi fyrthery ibeWAISBEB84TB, by DNA

shuffling OWOPU/OS%tSaWO%/dﬂOﬁV@@@l/bﬂoﬁf‘ﬁﬁ‘mﬁ)s%ag%ﬁ@?ﬂﬁésﬁﬁnm HIEh

variabl e domain with its conpl eméentary’ pair. Ing I's nown in the
art and5t adldirlay sysemeywbieh lare ndiphagechaned suchag fhostdischosed3nOVORIFLR@I kndind t 0

U. S. Patent i i rein by

ref erence. b’25e/r1 gzﬁ%ﬁg@%)o]%g%tﬂ;ﬁ eszr%\ﬁelgslctg dgg’%yk@ﬁ? é;ﬁ@%saquo??%&lﬁ ng'se of skill
inthe art. In a preferred enbodi nent of the invention the "dual-specific

| igand' is i in FE n_alternative .enbodinent of the
invention, A?ﬁfzﬁ @tgth% 8%%%’& fD;é éeﬁt}'%%g%%ﬁ%lﬁsntggﬁglfﬁ? %fregeﬁoéﬁs%raﬁﬁqarll n a
further aspeopartmdne, phizheliowi thy éinkigon{ pizew wWitsitngalegirodrti Boresxangieng at

| east 3 ‘d
. ) (H]

lélglclaéﬁon system in which nucleic acids encoding desirable gene products may be selected
in microcapsules formed by water-in-oil emulsions is described in W099/02671,
WQO00/40712 and Tawfik & Griffiths (1998) Nature Biotechnol 16(7), 652-6. Genetic
elements encoding a gene product having a desired activity are compartmentalised into
microcapsules and then transcribed and/or translated to produce their respective gene
25  products (RNA or protein) within the microcapsules. Genetic elements which produce
gene product having desired acﬁvify are subsequently sorted. This approach selects gene

products of interest by detecting the desired activity by a variety of means.

30 B. Library Construction.

Libraries intsnded for selection, may be constructed using techniques known in the art,

for example as set forth above, or may be purchased from commercial sources. Libraries




specific ligand' as herein defined. 20 One skilled in th t.owl

appreci ate that, depending on the aspect of the inventio%%q%%?ﬁ&ﬂg%fﬁgens
or epitopes may bind sinultaneously to the sane anti body nol ecul e.

Al ternat i veheyzo0d/iBy19nay conpete for binding to the sang-fekbdaoshsdio! ecul e.
For exanple, where both epitopes are bound sinultaneously, both variable
domai ns of a dual specific ligand are3able to i ndependently bind their

target epitopes. Were the domains 25 conpete e one variable domain is
capabl e of BT f SPecel i esent e GF Cehbehdg Grmele s NO/ATRG
vari abl e dogidena Reds sydidin GPURRES dhal @Rt or Rlord Rtldié a8ld ¥RALERBY @n nis
capable of binding its target, but not at_ the sane tinme as the second

vari abl e doMPAYREPUsIeR S intpiest arp Gloaed inta bk libragb verkns, g ab|cenerelgi dvrsitray be
derived fromgat Rodidgs dfngﬁ&h&ddtﬁg%ﬁéﬁal&?g‘p gﬁﬁtaﬁéﬂ&éisgeﬁ}ﬁqrog? eé@!rés&lgx‘? -

S
Alternatively they may be derived froma repertolre of single antibddy
donmi ns 3 sudismgtiveln dhe eroegedeproteinsonay he cxpressed endoelgaidda pe desstibed above,

bact eri oph L.an r ' e . enber
2006 o 200355 s el ERGREr RS S el BRI BRR M il BT
mol ecul es amngleicestid seqemst roatdmngr soutwraly dmimisddepqigreptidasein carriedf out foy
present inventiqn be constructed. and | pyl ated as. set forth,

D andard || SarE Ao PRSP U M RSluBbfe BB oRe R T ar
~Cloni ng: A (Mailide ahdrBalooba NE9BTA| Meffolid Fapyrdlg 1380 (336, heioih indosporaed fwyl at i on

of nucleic agids.u ul jn the present invenfi Is typically carried out
in recpoiﬁE%FmW%C g&%.w THES T ef@F@ﬁe?g;§§%C¥?h%ﬁﬁnﬂ?gé§ﬁ$lWh@ention
provi des a th@fibsbleOMNA-8dpafdent! DA CpdlgnlaseS BF Qiplify Me kLaG! seguence of

“dual -specific |ljgand as .herein_defined.,K As used herein, vector refers to
a di scr et e BerRpiitvehigowndn theagtt- 8o popshyeiipuef Wates snabstydibrangs hasbesncel | s

for the expf@aatOm WRELQE of LA, Ry MehERlogyYBI 40055 Byd WhiGRed Qtede! ect
15 or construct and, subsequently, use such vectors are well known to one
of ordinaryh®@n | in the art. Nunerous vectors are publicly avail able,

i ncl udifag bacterial plasmds, bacteriophage, artificial chronosones and
epi somal vectors. Such vectors Tgé be used for sinple cloning and

mut agenesi $CRaistrerfampsd/esing igaplatecRPlidetnd ilesat Igcmere wsefidlypf-dPeQinglpandvaict or  of
use accordi | We'c Se| f pepti de
20 codi ng. S0 SO REGRIcOR g if Hef L b ReBAE ATURPRAT BBmiER 1 o
40 kb or noferiing wherthe brivderpoiol islbeavilydeteregehtous,sasterdhnesfiomoe o representelie
vector aft 1, V] .0Nj LRulati : r LK arious
freti onal %&gh%oan%%a@lg?gc{%ﬁl? éﬂﬂ% moRiRy ?/Ptth!a B0SY; arg A b Pem SRR RE TmY
' 20 later amplification cycles. A typical reaction mixture includes: 2pl of DNA, 25 pmol of
oligonucleotide primer, 2.5 pl of 10X PCR buffer 1 (Perkin-Elmer, Foster City, CA), 0.4
pl of 1.25 pM dNTP, 0.15 pl (or 2.5 units) of Taq DNA polymerase (Perkin Elmer,

Foster City, CA) and deionized water to a total volume of 25 pl. Mineral oil is overlaid

and the PCR is performed usiﬁg a programmable thermal cycler. The length and
25  temperature of each step of a PCR cycle, as well as the number of cycles, is adjusted in
accordance to the siringency requirements in effect. Annealing temperature and timing
are determined both by the efficiency with which a primer is expected to anneal to a
template and the degree of mismatch that is to be tolerated; obviously, when nucleic acid
molecules are simultaneously arplified and mutagenised, mismatch is required, at least
30  in the first round of synthesis. The ability to optimise the stringency of primer annealing
conditions is well within the knowledge of one of moderate skill in the art. An anpealing
temperature of between 30 °C and 72 °C is used. Initial denaturation of the template
molecules normally occurs at between 92°C and 99°C for 4 minutes, followed by 20-40




include a cloning (or "polylinker") site, an origin of r%ﬁ&kggﬁkgg(%nd at
| east one sel ectable marker gene. If given vector is an expression vector,
it additionally possesses one or nore 25 of the follow ng: enhancer

el ement, prREBfSHozodor anscription term nation and signaperegstisness. €ach
positioned in the vicinity of the cloning site, such that they are
operatively linked to the gene encodin@ a ligand according to the

i nvention. Both clon d ex res € eraI I tai N, nucI eic
aci d sequenE¥Les; ?P&FISE‘?%B? g afgg@t(\é t%f 35 S&%‘?ﬁg %Hn@%
sel ect ed: hqeimpefhirs detdivithéaeds! cuscugse& labdieny wmmms)s and hxtsnsme(qam\m i- s one

t hat enabl es the vector to replicate |nchﬁoegnde rb, of. t he .host om)somal
DNA and i ndnigdies dspendingonghe feaghiof ke HRp frnd | Srepgph Fsc%elnle
sequences. UERISHRAUE @Sanaﬁﬁay\%lfbl ah Qid eBniv, @goueltm\x fstepACHET.I Q, yeast
and viruses. 28 Dece 2006~ WO 2004/ 003019 PCT/ GB2003/ 002504 58 The
origin of repI i cation fromthe pl asm-d pBR322 is suitable for npst

G am negatl t&n uf}{ul; ndld oAbl plasmid origin is suitable for yeast,
and varlous V|rar ‘ , adenovirus) are useful for cloning

vectors in manmallan cells. Generally, the origin of replication is not

needed for resslion vect « up|

manmal i an éﬁm Tpegns ‘8?@11 ng?lgﬁ?lﬁhglé’toem {?&fde fﬁéc%‘nhﬁiﬁ Waevaﬁét ceI | s.
Advant ageou@bvmuathehﬂﬁnﬂ@dmccﬁxlpnmﬂmmcmbmeﬂmﬁs contain a selection gene
also referred to as selectable marker. This gene encodes a protein
necessaly for the survival or growh of transformed host cells grown in a
sel ective %ﬁﬁ#&@ﬁlﬁ&d&dﬂﬁdﬂ@ﬂl@ ee Ff@glypé%tiﬂe libkeas) o aleneitiedyi foh eﬁdnq:l&;eill:t or
containing the selection l . ther e, hot YLV n.t he cuture
medi um Ty FPBRFCHYLYER foE Bﬁmg ag‘ﬁ‘i: &98 Jef e 2‘% Xd@é‘ﬁé@r Disgisiopgice t o
anti bi oti C%uﬁmsﬁﬁl&%r stpeavldba in Bikd er P Gdret 202, usmmcmdsomt bot Jaxadle or
tetracycline, conplenment auxotro h| c_defici nC| e %&% (‘S % cal
nutrients ﬂ@m’&?]aMP@B‘ﬂSe??’llrﬂ?%elﬂg dﬁ‘%ﬁfé’ Prep tﬁ%céd f épﬁ %on of
VECt Or §;5;eNnGQds ng; exls aﬁ}gfeﬁtﬁﬁpﬂ&iﬂi& aﬁleuaﬂgqh@fv@ﬁﬂﬁgie APEAs tomidrdct. TRst

convenlently per col i E. coif-selectable marker, for

exanpl e, t H@k@ examm@tlew@m ifé}némkﬁaWh@SHFemss st St hric® % dbe Hakesvsesi ot i ¢

~anpicillin, u é'(p@ | I &g such
as pBR322 cl)lF“h%bg %ﬁlgsm ésglﬁl‘éﬁﬂgsgﬁg gi%%g%%ﬁﬂog p ?l&ep%xdérgggﬂl vectors

usual |y cor(USAD]S’@cﬁ@'-‘ﬁie&ﬂ#ﬁhr that is. recognised by the host organismand is

operably linked to the coding sequence of interest. Such a pronoter may be

i nducible or constitutive. The‘term "operably linked" refers to a

j uxt apasi t ilo nnevastosimertt ke linker employed is not an immunoglobulin hinge region.

Variable domains may be combined using methods other than linkers. For example, the
use of disulphide bridges, provi;ded through naturally-occurring or engineered cysteine
residuee, may be exploited to 'étabilise ViV Vi-Ve or Vu-Vy dimers (Reiter et al.,

25 (1994) Protein Eng. 7:697-704) or by remodelling the interface between the variable
domains to improve the “fit” and thus the stability of interaction (Ridgeway et al., (1996)
Protein Eng. 7:617-621; Zhu et al., (1997) Protein Science 6:781-788).

Other technigues for joining or stabilising variable domains of immunoglobulins, and in

30  particular antibody Vg domains, may be employed as appropriate.

In accordance with the present invention, dual specific ligands can be in “closed”

conformations in solution. A “closed” configuration is-that in which the two domains (for




25 conponents described are in a relationship permtting m_{.0 ction
in their intended nmanner. A control sequence "operably f%qﬁﬁﬁ&mfgﬂﬁ codi ng
sequence is ligated in such a way that expression of the coding sequence

i s achi eveqyyaleiosgondi tions conpatible with the Contﬁ@hcﬁgﬁﬂﬁﬂﬁﬁs- 30
Pronmoters suitable for use with prokaryotic hosts include, for exanple, the
(3-1actamase and | actose pronoter syst®ns, al kaline phosphatase, the

ot oot or - Canirie YR PR %) &Y BLSRl o Aol e B Lo DoV

Shi ne. Dol GaTy AGHERCE oporabl v | LAk Lo Che pa e Cotepar ssloed

preferred vreEgrt]%%géﬁgﬁr}’ege f@‘glé% QF?H" W@F@tﬂgg]i‘e gﬁ?ﬁl“é@ forEketis \bsgibiL of a

nucl eoti de dmamguifbie i OrREEHYTRIIBG tbAlléw BY dbﬁﬁﬁisitgﬁssb&i%%r&% Gl Thus,
en or epitope ca per f or med

sel ecti og wi.th the first, and/ or second anti%

by separ te%%b%é%ﬁ PERCARY PasioRe dsisohkely that sthp flomagmsowd! edeptes silasgd t he

pol ypept i de chiatbmastiyn.menber or by use of any selection display system As

descri bed above, the preferred selection display systemis bacteriophage

di splay. Thus, phage or phagem d vectors may be used, eg plTi or plT2. 10

. Leader sequepgigslyUsgf dbmai ndileadavenb .aclude I.B, sti . onpA, phoA, bla

and pel A (Qne e%aﬁrgl e ar epp%a%deglvld%ﬂel%aoﬂragg :}ceﬁiﬁ)sr?él\llg %%Seg.cog}éppgﬁ’&ri gin

of replicat Csnerlhathis wolibg @ figrchemodoseaptdcition ofithe alnthans smola apbageigat i gi n

of repligat ;@0 Gh I f. . SLAgl erstyanded DNA). The gani Qul ation

" and expression of suc aﬁ@éﬁ%@%’ ﬁggav@f Pgﬁﬁlg\%%d’(foﬁgor?lﬁtéona%'{u? 5 and
- W nt er - ( 199byth thepmeieculd whirinineteases the(ibF9i) ofthpligand aBi b eddoid takft® mbRcHRCt OF

contains a &g3-J . e to confer. selectivity on the phagem d and a
lac pronot g@“n%%?i?%gdfﬁg‘é‘fg‘ lcﬁli?'porré% ling APecse t?rgettrﬁ"alfsc“&%ﬂ% F1§§°§13(“RP ftemc
term nal) ofhe mopehB whidederassets bnlédif offheclipadir ect s t he expressed

pol ypeptide to the periplasmc space), a nultiple cloning site (for
cloning the nucleotide version of the library nenber), optionally, one or

mor e pepd i difoteager( fhorcottiversn oMY/ VRPVi Anal Vi vPaEn&EE WIS 1£ﬁd@f§§reﬂd%0 codon

and the phage prot.ein pill Thys, .using various suppressor an
ety hdve e ¢

non- suppr es S-and with the addition of glucose,
i so-propyl thio-(3-D-galactoside (PTG or a hel per phage, such as VCS
ML3, the vector is ahle to replicate as a plasmd with no expression,
‘produce | ar %m’d‘ﬁé‘fﬂof‘]}'i‘?e@ tB‘_F IV ARIOB Ay FRYTEQ e D¢ innapgn pesfbemation] Yo exchpr oduce
phage, sonmeopformbticah deOfaniswil bd 8735 to QBRut Xsl;?%ﬁh%t}?ﬁieﬁﬂ&@ﬂlg%fhﬁ: .
fusion on their 25 surface. Construction of vectors encoding I'igands .
accor di Hy tiacreases thahalitlife af tedigeydand the second target molecule. Typically, variable
- domains in an open configuration are (in the case of V-V pairs) held far enough apart
for the domains not to interact and form an antibody binding site and not to compete for
binding to their respective epitopes. In the case of Vy/Vy or Vi/Vy, dimers, the domains

are not forced together by rigid linkers. Naturally, such domain pairings will not compete

25 for antigen binding or form an antibody binding site.

Fab fragments and whole antibodies will exist primarily in the closed conformation,
although it will be appreciated that open and closed dual specific ligands are likely to
exist in a variety of equilibria under different circumstances. Binding of the ligand to a
30 target is likely to shift the balance of the equilibrium towards the open configuration.
Thus, certain ligands according to the invention can exist in two conformations in

solution, one of which (the open form) can bind two antigens or epitopes independenly,




conventional |igation techniques. Isolated vectors or fra n are
cl eaved, tail o?ed, and reli gat ed in the formdesired ?Slégselfr]eggg%éﬁﬁﬁe
required vector. If desired, 30 analysis to confirmthat the correct
sequences gy@:iMaenRt in the constructed vector can bepcpREbdS MBI N 2
known fashion. Suitable nethods for constructing expression vectors,
preparing in vitro transcripts, introduétng DNA into host cells, and

perform ng ang}: : ' ressi d_functi.on, are known to
Phose. ski 11 od A p slieRl e pESRo R (Bl SINE Rl e BBk i Po0 sniist Lo
PCT/ GB2003/ 0@#8p:4 aigenoér epitgen s equpdic br bindmgsathel lizahdindkis ecifeshation, it S
anplification and/or expression quantified by conventional nethods, such
as Southern or Northern analysis, Western blotting, dot blotting of DNA,
RNA or pr ot eAlthougnthsiopen foythfoff deshibl DBcific 1igaid RO HHQECHK B EJuilibBiimSHRHGRC €
anal ysi s of qucé/?i C .aci]g\%g)r .Er otejn ol ecul es, Those 5 skilled in the art
will readi| y“ &R § HeS existgse dhat s papdibHam; willdgvoyr thegrdased dorm;

Structure ofmet®Rsthespeh Mribdah @8 sBjibodtbréPBF lardeEbink BB IS aAREA HnfimboPNe
aspect of the second configuration of the invention present invention, io
the two or norErahiyn thesionee At Ayalespreifip diswnds dif e deventior aper presanhitedn s o
that they arguilibfud bERSERy AR lg%‘ ph defined. Advantageously,
‘they may be e19urther attacr?ggﬁ%o a slge ect&%‘% ?%ﬂ may, as a alternative, or
on addition to a linker described herein, facilitate the fornmati on and/or
mai nt enagce qfy L @iﬁ@'h%%&‘c% ? ' : ' e, bi ndi ites wth
respect to one zgr%ot her. 5&%} ﬁggﬁ%ﬁgﬁegﬁgi%%&bgﬁééﬁﬁﬁd lﬁleorg‘cgsr}g FoRT &

i mmunogl obulopen aoklesed eenformatiay For eaamplansiatilidation | df V-V inteiagiiohsawitls et

forth above.;. kI I I I Lin skel et ong,as herein defjned. includes
any one or r(rlé)sg fé’ﬁ%ig op ‘%ﬁé@%@%@?&@’ Léf" T 8%%?“;{133?‘& M%e?]vge_r, ]ﬁ’r\{efsr’rﬁijn@df"(%ﬁ?i n
nmol-ecul e 20 dowaips,iisilndingVyl domstin fnd Vi deméh pakeanpay bé chatiactad suhchashd
dormain of a ntibody: or . (ii) th . .domai n _of. an _anji hody hegvy chai n;
an i munog| %B%ﬁr %?%815%6% %5%%@?’@%3@%“%@@%“ Bﬁﬁi%%ocﬁp"%ﬁf
ant i bodys hedhey dahaing; suall dsnby iG@tpddation NoMRERLC iingho &6 PHehigidd0int Bghodihe CH2
and CH3 don?i ns_of aﬁjézzgtj body fhea\/.%é;‘;}%hai_n; or any of the subset (ii) in
conj unct i on SEFY9NSt Aethe, deFieame Pt 4 sitahisieid siretueshigh wailnkesp then demiinpody .
25 A hinge pegically §6&i 4paffBy al so be included.. Such conbinations of

domai ns may, for exanple, mmc natural antibodies, such as 1gGor I1gM or
fragnments thereof, such as Fv, scFv, Fab or F(ab')2 nol ecul es. Those

skilled in phe aCharididrisaitth U@ Fal-GRLiAL Mbsdl | St is not  intended to be
exhaustiZ(\)/e. '

The binding of the dual-specific ligand to its specific antigens or epitopes can be tested by
methods Which will be familiar to those skilled in the art and include ELISA. In a
preferred embodiment of the invention bindirig is tested using monoclonal phage ELISA.

25 - Phage ELISA may be performed according to any suitable procedure: an exemplary
protocol is set forth below.

Populations of phage produced at each round of selection can be screened for binding by
ELISA to the selected antigen' or epitope, to identify "polyclonal" phage antibodies.
30  Phage from single infected bacterial colonies from these populations can then be screened
by ELISA to identify "monoclonal” phage antibodies. It is also desirable to screen soluble
antibody fragments for binding to antigen or epitope, and this can also be undertaken by




scaffold and one or nore CDRS which are involved in the speec?le I

interaction of the domain with one or nore epitopes. Advantageously, an
epi t ope bi Y@ pY48@6308i n according to the present invent POVGBXWENG28ES 28
Decenber 2006 WO 2004/003019 PCT/ GB200§€9002804 61 three CDRs. Suitable
protein scaffolds include any of those | ected fromthe group consisting

of the foll oWINGA Hshesedase j _i.p dlonmi t hose based. on
fi bronectin, those bgsec?eon’ faaf ?%labrﬁoﬂdl’esg, Elltsﬁgslée %gg@&%ﬁﬁﬂ(ﬁ?ﬁ ﬁ’trh%%‘élplﬁased
on chapero neWinter ¢ al. (O Avm. Ret. Amgamblage #2,833456 podzfdrémendittdilesia. based on
the bacterial Fe receptors 5 SpA and SpD. Those skilled in the art wll
appreciate that this list is not intended to be exhaustive. F. Scaffolds

for use in CossEyaity efgh®eckicie8mhegd monddlgah dsibodids h:ag&sbﬂﬁ:tds%sé?lfb)l
_.mai n- chaisn ;.0 er f the i nogl opul| i n superf am al |
share a 3i m%%%%ﬂéﬁéisf%rpqiﬁgﬁorgg%gﬁﬁ%éﬁ% flge}ggﬂ];’?”ﬁ%; %&Pﬂ%ﬁéﬁlpllg?“ saribugh
~anti bodi es arabing Fomlinshinve it £1992) §.VIBE BL. LIRiTT6) d}rﬂy%ﬁﬂénéiﬁglé?ﬁfeeYect r
conpari.son (ﬁ‘NEequences and crystall ographic structuresS has revea ed t hat ,
contrary to expectation, five of the six antigen binding | oops of
anti bodies (H, H2, 15 LI, L2, L3) adopt a limted nunber of main-chain
conformatio&s, o] i.cal structures (Chothia and Lesk (1987) J. ML
" BiolL, 196: 901; &REY ualspeotficdipandsiat ure, 342: 877). Analysis of |oop
| engt hs 1and key residues has therefore enabl ed prediction of the main-
chain conformgtiops of H, H2, LI, L2 and L3 found in the nmajority of human
. -antibodi es %Fﬁ?fl phaabope, 4 antibpdy 15 hegein Npfined @5 oh antitday (fo7 @@mplolyd, ign et at
- (1995) EMBQgh, 1084 1080 o metdV td.4, AR5 . 6 : L Biol. 64: 220).
Al t hough thegAI-B,ggLe ;g%fn) ??%umgﬁr?léﬁ%’r ggd%gﬁélggﬁ%&f’%ﬁ% S%?V’s‘galﬁf’él?{lé”,%“? ngt h
and st ruct ufEUTHERatlerst one hegw il «ight ghaintvatiabld domaid, 30 Ichgiriwe. haavy dHaed
number of AR ENRILIEY t .short. .1 oop.l engths which depend on
the length and the pr e?gr?gieég%fﬂvggi%ﬁ %ﬁpm%’& ‘gq.?gaél,’s' @rgmi%B‘“eét EC?PStr Ydue, at
key pogfl t i pxed Aropheny spspiesimetutaly podichgdyn AntbEBYE kordaMar by RecBinbflant ( 1996)

J. MoL Bio ' ' L4al, et at 9 BSLetters, 399: 1). The

dual speci fL]i) Ig‘alq?%hélﬁ%g”%%{]ﬁgﬂﬁlra%%&?fn ?W@%@?‘g# g’%& A Heaslebuatsy yasls enbl ed

from |i br aribegendd). domai ns, such as libraries of VH domai ns and/ or

1libraries of VL domains. Moreover, the dual specific ligands of the

i nvention may thensel ves be provided in the 30 formof |ibraries. In one

aspect of tlhe ppefesetdmbodingnt bihe mbbm@rm@@apépeéfﬁlligmeﬂn‘éeé étg%g%eha“d/ or
ues

domai ns,.ar e. desj gned.i.n whi.ch certain |oop | engths and k resi ave
been | 20 %mgﬁa f'le%vy (ie domain of an antibody and one single ligl%: chain variable

domain of an antibody, or two single heavy or light chain variable domains. For example,

30 (Il) Protein scaffolds Each epitope binding donmain cor’%rﬂ sesbe%2866ot ein

chain variab
the ligand may comprise a Vy/Vy, pair, a pair of Vy domains or a pair of Vi, domains.

The first and the second variable domains of such a ligand may be on the same

25 polypeptide chain. Alternatively they may be on separate polypeptide chains. In the case
that they are on the same polypeptide chain they may be linked by a linker, which is
preferentially a peptide sequence, as described above.

The first and secpnd variable domains may be covalently or non-covalently associated. In
30  the case that they are covalently associated, the covalent bonds may be disulphide bonds.

In the case that the variable domains are selected from V-gene repertoires selected for

instance using phage display technology as herein desctibed, then these variable domains




chosen to ensure that the mai n-chain conformation of the %Fi?bers (Z known.
Advant ageously, these are real conformations of imunogl obu e"ﬁ“‘%"‘ﬂ% qﬁf am |y
mol ecul es 28 Decenber 2006 WO 2004/ 003019 PCT/ GB2003/ 002804 62 found in
nature, to WO pio#ESet he chances that they are non-funck¢nosbosersdi scussed
above. Geniline V gene segnents serve ag one suitable basic framework for
constructing antibody or T-cell receptor libraries; other sequences are
al so of use. coufptibed irdGsABIMeRNEEHEgia, sichl tBwid th@}%@f'gé’ﬁechBR@sp&iml |
nunber of funct, gnal nbers may possess an 5 altered main-chain

conf or mat i o8HAHEHIAS r%flefélﬁg-e E,flhe pesoft yrersab fameworkni seasricskigands ande

theory is akgoikeis dsQibb@ind¥®0580%48e nunber of different nain-chain
conformati ons encoded by |igands, to predict the nain-chain conformation
based on |igand sequences and to chose residues for diversification which
~do not aff egleldie odifd ' L j . ' h man V.
domai n, thewl?lé Iogp ca agg%'?é g%g VH%%%E] %Pélg%%gﬁ%%g g% %ﬂgggfﬁéfagg},lo?aﬁ%uu

| oop has a withiglike siamuel deips of theohriatde dodlaind aTheq@Appeptiddueqeances ofchithai ns

adopt . f [ t t f the L3 | Tam i
ol °( TooeyBaoRn il AR PR SR By bl pet R Bha Al

struct ur es ngmactiomiof neachovadsivaidemainr witly éts abmglebdegiagnpaifmiDN & hhfiling is

conformati ons. G ven 15 at. .the Vx domai n enco differe nge of
canoni cal s °ﬁ‘%1tlﬁ>ﬁ§°sm%8?‘} gty for efaénpjﬁg%léen’{n%ggg‘éﬁﬂf‘t’tﬁﬁaﬁ%'\ﬁégﬁ@ W
domai nsi@anUsaiPaterti N6l 27,088, BEARIRvIdH &8 i6RRoeREDEG B DLFeBirence A THREC Al

structures fo he H and, H2 | qops, the nu .. of canonical structure
conbi nat i on@e'&%@é’?mglﬂfﬁls%‘@gﬂffi@@tP&E?ﬁ%‘r’?@ﬂVErﬂiﬁ Hlar ge. This inplies that

the generation of diversity in the main-chain conformati on may be
essential for the production of a wide 20 range of binding specificities.
However, bylAdnderelctmbpdinment ahthe peveption he dupl-meeifig ligand is 3 Fingleshaindixn
Tai n- Chai n SRR TRl Bitdchatfyd SorPRndi ko GRARIRS,Yihb O SGARBEAS 11Bng:t hat
diversity in the main-chain conformation is not required tO generate
suf fi ci Bnt @ngies of 3 Kabifgrmatar get substantially all antigens. Even nore
surprisingly, the single nmain-chain confornmation need not be a consensus
structure - a single naturally occurring 25. conformati on can be used as
“‘the basi s flne farthes gsiecte thei resantyinvefitios pravides npeleit ecid edcaggpdticast & édual-
dual - speci fl.g..&1 S, Gf. & | pvention possess a single known main-chain
conf orﬁnti osh&lﬁdl%ﬂgiaﬁgg elghpn%lﬂﬁgaéhai n colr[:f ormation thgt is chosen is
pref erably commonpl ace anong nol ecul es of the i munogl obulin superfamly

type in_question. .A conformation i 0, componpl ace when signifi t
nunmber nzc())f ;tzeusggllefl&n gca't}rv?llﬂaﬁapr lﬁég%{e P mgo‘%%@‘ﬁ?@?f"t ?fotﬁsHH%’?%% E&H
-Accor di ngl yntigens aorprepii@ses enhap Siiad t simhiltindeensiyn e nthe08amé hantibadurabdleqd& ur rence

iO];nTuﬁlggl SL&T‘}% %ﬂ;[/el)rfr,a re]:Sr tha%} gon%](p)e I: %rn%}ﬂda%gstof ﬁfe SGa%l%harPtibrc]) ;(nxgollegu?g 0IIoran

example, where both epitopes are bound simultaneously, both variable domains of a dual

‘specific ligax_ld_are able to indep:endently bind their target epitopes. Where the domains

25 compete, the one variable domain is capable of binding its target, but not at the same time
. as the other variable domain binds:its cognate target; or the first variable domain is
capable of binding its target, but not at the same time as the second variable domain binds

its cognate target.

30  The variable regions may be derived from antibodies directed against target antigens or
epitopes. Alternatively they may be derived from a repertoire of single antibody domains
such as those expressed on the surface of filamentous bacteriophage. Selection may be -

performed as described below.




domai n are considered separately and then a naturally oc%g(rgf iceg%)e\r/ 0i6abl e
domain is 28 Decenber 2006 WD 2004/003019 PCT/ GB2003/ 00 £ chosen

whi ch possesses the desired conbi nati on of mai n-chain conformations for the
di f ferent IVWQRW4003619none i s avail abl e, the nearest equirenicamis/omy4be
chosen. It is preferable that the desited conbination of main-chain
conformations for the different |loops i's created by selecting gernline
gene segnents which encode the desired main-chain 5 conformations. It is
nore preferable, that the selected gernmine gene segnents are frequently
“expressed i B graal the nyplgicAsikmeleatiesaag vecteneanstiugisyequined fordhpperformareguent | y
expressed Ofs @k lhrddgh Uhikdntigf by E@c&@ﬁﬁtﬁem&ﬁﬁuﬁt@d %?%blgmgin%hfl‘gpe(:l fic

| igands or |ibraries thereof the iIncidence of the different main- chai n
conf or mat'i olgborfitery mamislsopuchtas Sambreokt 42 gé (193 dielgedleaobbningy Abkrboorigivder ed

separately. : d L3, a given conformation that is adopted
by bet vve%en Mg%g%’alér%d %W%?bﬁggghti gen binding | oops of naturally

occurring nolecules is chosen. Typically, its observed incidence is above
35% (i, e. t ween % and_100%. .and,. ..deal | above 50% or..even abgve 65%
Since the v setm%ﬁui%opyor%(ﬂl glﬂﬁ Qzlgﬁ'ﬂgeﬁﬂdn ﬁt?tpr%%{}temg SRATHPCLsy %W?iﬁ?lgr es, it
i s preferahhescombimehte@tioss. mai n- chai n conformati on which is commonpl ace
anong those | oops which do display canonical structures. For each of the

| oops, the conformation which is observed nost often in the natural
repertoig e Ties iheaefher Spsc] @6 pedent ibvinfvnBoviast 4 Beeiresmplifife ABic AUl ar
canoni cal structures (G3) for each |oop are as follows: H - CS 1 (79% of
the, expresSefimeAiasts Augl-spegptic ligeand'psharggpdetiped. . ©S 2 of 20 VK (39/0), L2
- CS1(100%9, L3 - CS 1 of V. (36% (calculation assunes a K X ratio of
70:30, Hood et al. (1967) Cold Spring Harbor Synp. Quant. Biol., 48: 133).
For H3 | oop's usehbgreinavester aalsryi te 4| dissraiqelemens shat is woREo [nbiededs helestlegoust al .
(1991) Seq i M1z aN] Yol Halel i . nt of
Heal th andq:aﬂ%a%ﬁo %éel}s\% gg@)&gﬁ‘e%ggenven r s]"? Sggh%éﬁﬁ%.ﬁl%ggé})?ﬁcl ggéléérggm

r esi duel594 or gonstsuit dud susequapiaise such vbeors e wallkno®s te onmefierditiyskillane at

| east 16 h i S C LB eﬁl}ﬁ%’d 4 pr 4t .he
required Hﬁ&ﬁg?ﬁh@%ﬁe&a{rﬂg&;iagﬁegﬁ%%@f &rm lﬁi ﬁggﬁgr%%?‘i\éin }g?]sg{ Iggf | east
two'  cryst dettepphpde ertiiciall chuonesomes dnH epispmaleventoda tSaclkh aedtoraimaybecwsad be used

basi 4 i hod | LiF 2 d | i AN f I
xproseod oo Bloptsba Bk kit Hlons Mo BT S il

expressed ger e
st ruct ur es vacter dfhee Wetosdiggenthe IaitigrRayi By sel@fed thescddiunedien polypiliide t he VK

-segnent_ 02/ 012 ( DPK9 nd, t.he J. se nt. JK1._ \/ e t 45 and DP38
'ng al 9 sﬁ?‘fljﬁ%fge&uenﬁ)ﬁé’zg @3&%@&%%&%& ﬁ%l?lﬁ?c?rlgr%@‘%@g&’l@ kI%E‘EfHB‘?rﬁé’i‘i on as
a- basi s tolegthsiAr waitable lhoktr adlly initiahsfoed d@ih rie wdcfod! Mtk Nvifbaélbning

manipulations. Each vector contains various functional components, which .generally .

(7

(@) )]

include a cloning {(or “polylinker”) site, an origin of replication and at least one selectable
marker gene. If given vector is an expression vector, it additionally possesses one or more
25 of the following: enhancer elément, promoter, transcription termination and signal
sequences, each positioned in the vicinity of the cloning site, such that they are

operatively linked fo the gene encoding a ligand according to the invention.

Both cloning and expression vectors generally contain nucleic acid sequences that enable
- 30 the vector to replicate in one or more selected host cells. Typically in cloning vectors, this
sequence is one that enables the vector to replicate independently of the host
chromosomal DNA. and includes origins of replication or autonomously replicating

sequences. Such sequences are well known for a variety of bacteria, yeast and viruses.




conformation. 28 Decenber 2006 WD 2004/003019 PCT/ GBZOO%(B%Z{?HI%?C%

Al ternatively, instead of choosing the single main-chain“contormafi gn based
on the natural occurrence of the different main-chain conformations for
each of thavibrodddosend | oops in isolation, the natural oeCUGBBEREE:28H

conbi nati ons of main-chain conformationg is 5 used as the basis for
choosing the single main-chain conformation. In the case of antibodies,

for exanpl e, ThdGighbfHeplical6s BoMmERE PlaskiCErIIN2Ga kuiGb iUt Host @&Bﬁlhé%%ﬁb@ns for
any two, three, four, five or for all six of the antigen bjnding 1oops can
be” det er mi n&gpteriaghe micion; plasslid PESEHS sritahietfor Kaste AR EioBy HEYraTNSIA 8 S
comonpl ace giyyd)akitiodirhs) 2 Gibili B8 cloffibl ReteHh AMARS :CLeEGRE thdat 1t
observed nost frequently In the natural repertoire. to Thus, In Human

ant i bodi es, ofigir ofXeplishieon igtneh nersled) ferl memﬁaﬁﬁaﬁmmmofve@th@ yrilsse thestiagen

bi ndi ng Loo . . } e frequent
conbi natlgon]c'z%f1 uﬂggrrqgj%}l%dé‘l[eng%@%g){}g?lg%ei@é@gﬁy%ﬂ@gé’ %ﬁ%g{]ﬁgﬁgg%shbi ned with

t he nost popular conformation for the H3 | oop, as a basis for choosing the
singl e mai nAﬁ@a%itan co foar i ON. ok i Ditver SA“& . on %f% t he canﬁsni cal
sequence HatfHE 88T B0 & TRUR K SHPRSUAR niEFiRE SFAi ROEBh 1 FABIOE n&en 2150
preferably sfatedd as scleorble nimlean-THivgdme encvides Apiotedinecdssaly Bpheishdvival bgands

| according to the ppvention. or ibraries fqr use jn the. invention can be

Const ruct eyt gD bat lh g8 8o peleelt® Sl i oot qe gt
-gener at g a fr@RMihed Wah Metvectot datliih@ihe 3B18¢tN getihwill Baforsthot@Sideyin tHhi s 20
nmeans that variants, are_generated such that_ they possess sufficient

di versity i flPFemedivgt (TG sceiipnogench quneder prafis fhoh coBler Hatistensytoar e
capabl e of pfigiekich BEd dtHeRANGEnD e 5. ARAHiMIl SSomIdiE RAEHbESGL by%u%bgaimb,s
typically generated by varying the selected nolecule at one or 25 nore
posi tions. CPHWlgseest en¥niophis dsBcisnrigsg e sermly isetiedh gwientst nqt Avaidablein Hice
preferably o5gleatfd. The variation can then be achieved either by
random sation, during which the resident amno acid is replaced by any
am no ati d or anal ogue thereof, natural or synthetic, producing a very

| ar ge nunbeg:  of j r I RNG: @ng%t ] -ac] it h one
or nore of e%n etlblggégél@ %&%sﬁveo%émae%%%ﬁ%g ?ﬁ%%‘{cg u ngthgg}rﬁg)%é H?‘lpekr%lg?ﬁéwdq' 30
nunber of vaestamiveniehMiy pafosmetint¥odslimne dobiaplectelio ndagcr,ffor exantple thec-ng such

diversity. .Error-prone P (Hawki n t al.. (1992).J. .Mol. Biol. 26:

580)  chomi BT B R a SE e (o e 0Heighy ABbiB: haise 00 Sahee

2004/ 00301 bbRfised Geath) O3/l 8ethids, such as pBR322 or a pUC plasmid such as pUC18 or
20 pUCIS.

- Bxpression vectors usually contain a promoter that is recognised by the host organisrﬁ and
is operably linked to the coding sequence of interest. Such a promoter may be inducible
or constitutive. The term "operably linked" refers to a juxtaposition whercin the

25  components described are in a relationship permitting them to function in their intended
“manmner. A control sequence "operably linked" to a coding sequence is ligated in such a
way that expression of the codi'ng sequence is achieved under conditions compatible with

the control sequences.

30  Promoters suitable for use with prokaryotic hosts include, for example, the -lactamase
and lactose promoter systems, alkaline phosphatase, the tryptophan (trp) promoter system

and hybrid promoters such as the tac promoter. Promoters for use in bacterial systems




65 J. Biol. Chem, 269: 9533) or bacterial mutator straijg%egé_%v%r%éﬂtsat
(1996) J. Mol. Biol., 260: 359) can be used to introduce rando ations
into the genes that encode the nolecule. Methods for nutating sel ected
posi ti ons ave:mkssomel | known in the art and include poEGBsw3/absmi snmat ched
ol i gonucl eoti des or degenerate ol i gonug eotides, with or 5 without the use
of PCR For exanple, several synthetic antibody |ibraries have been
created by ta[108bi REeAY &AARS $1Rnd-DeleaRbi BeRnE Bstirdily liaRRB1o th&okiRg €gi on
of a human tetanus toxoid-binding Fab has been random sed to creaté a
range of ne¥®AWAARI ng specificities (Barbas et at (1992) Proc. Natl. Acad.
Sci. USA, 89:. 4457). Random or sem -random H3 and L3 regi ons have been
appended to germine V gene segnents to io produce large libraries with
unnut at ed fTremeelorkd vetiroas ekpiossimniastons thatnables the(expgegion of amhcledidel . |

227: 381; B al . ). Proc. _ o - : X

Ni ssim (Jast aﬁ%&?&??ﬁgg%%%%%? 8% Wiyp%ég%'\ﬁ%ﬁyflﬁﬁ?%g gﬁbh?e?e%ﬁigg%h é%%ét\]. , 13:
3245; De Kadick setordl ant{gd®9f) epltopdbdan B @lerforni2d8by SéparatBuptopaliatien sinfli cat i on
has been extended to .include sone or. all of. ot her_.anti gen_ bindi ng
oops. (O afEPIoRtn e sibdGs5e REzrirns tiscporoids Moy Rt ok e oo S ( 1905)
Bi Olj .Te_ChHO!SQEy(;ri]onlcﬁépﬁé]ﬂ BystelD NS ibed \ABOWE, B3 eferred bﬂléolaibn (ﬂpm&ﬁfls@mpi(s)lS

random sation has the potential to create approxi mte nor an

struct ur es BRglErepRagy gislay faus, Pi‘Pgﬁ ‘i’raﬁlﬁ%el?‘&r"%gtoﬁme © #dv%ﬁ&gﬁut% plmtl?r t he
~other. fjyve 1a8RSeqichces 2BefhSin A9 ink@afohIh@udéSiel) s6UIdn@iN, phbANBhAnIREIAQN
technol ogy or even by using cell free systens to produce a |ljbrary
representi rigfeafiamply iehesewdiieatats whish hews aB.farfgfie origin fnrepifatiendfor| ar gest
libraries %g?ltsrs\‘:fgﬁc%q roSticHRns 1&@‘&1%0;9%9?&' Jrfg?t;l[ Ef‘}epﬁgéﬂo?l 6131&0&1%'& kegi s only

a fraction the potential "diversity for a library o hi's design, were

" ‘generated (s@glefhiapdes RINA) The meanipglejion anst expressiosof sychyvestars i wlbknoR#dai nent
only those ' ' Frs Gl | d, i td : Lfying
he desi r ods it SEeRloR el Wil (RS2 Kol QMR lr OSSP rclBPE

t he f umct ivecionicdritaibe at Prldotamesea géreer petonderdseldotivityt on dheliphegesiid ynd olabd be
concentrated in the, target binding site, whilege | dj-hg _ch I.ng_resi dues
whi ch ar o GRS TEAERAY G EPIFTION SESHIE B PSS N G SR OF ABLE

mai nt ai ni ndeddbescghane (whith nlehaite egnéesdpilymptid®® Decpripirmi0face)\O

2004/ 003019 PCT/ GB2Q03/ 002804 66, Diversjfi.cation of .the canonical sequence
as it appl LRy coRngsHs (g‘gnﬁf”ﬁ‘élg Rﬁetwi%@% vEFonnpf 6{3%91%5%@ a]ée(g’f ic

li gands, t hgtibnang] 6@ & herefpeptidd g t(Br GRtectish)@fionally, one or more TAG stop

20 codon and the phage protein pIIl. Thus, using various suppressor and non-suppressor

strains of E. coli and with the addition of glucose, iso-propyl thio-B-D-galactoside (IPTG)

or a helper phage, such as VCS M13, the vector is able to replicate as a plasmid with no

expression; produce large quantities of the polypeptide library member only or produce

phage, some of which contain at least one copy of the polypeptide-pIII fusion on their
25 surface.

- Construction of vectors encoding - ligands according to the invention - employs
conventional ligation techniques. Isolated vectors or DNA fragments are cleaved,
tailored, and religated in the form desired to generate the required vector. If desired,

30  analysis to confirm that the correct sequences are present in the constructed vector can be
performed in a known fashion. Suitable methods for constructing expression vectors,
preparing in vitro transcripts, introducing DNA into host cells, and performing analyses

-for assessing expression and function are known to those skilled in the art. The presence




‘often the antigen binding site. Thus, in a highly preferr e t he
invention provides libraries of or for the assenbly of azﬁg?eg%%if%ow
dual -specific ligands in which only those 5 residues in the antigen binding
site are vayoeus/oifese resi dues are extrenely diverse por/GBsos/buasm@n
antibody repertoire and are known to ngke contacts in high-resolution
ant i body/ anti gen conpl exes. For exanple, in L2 it is known that positions
50 and 53 argf a gnéedefiencd iNal tindlld Yo 066dMd; I gtaRbhphRdALies aaddr axgesivser ved
to make contact_with the _antigen. In contrast, the conventi Qna{yﬁggpr oach

D ‘

woul d have Beawisdobycoayeational aefhody sudlp 25 SOPBFEsoR Nofthem Agplydy ity

Conpl ement agjhie DedRr Misking RROIMaA( CRRK as gelibipedin byinkahgbri@iatish, (1991,
supra), sone seven residues conpared to the two diversified in the library
for use accimeinagyteehemirity onsediicnemanalypis 9f nageis fsid & MolsingRPIFFEe L hose

i mprovenent gkl :t R8I L QRAtned i L4 ate a
range o?an‘i@%&ﬁﬁ&e@ivﬁg r%%g%l% ilcF(%l es. 3%51“%&&2%{?}{%%%@52%5%6&&& ty is
the result of two processes: somatic reconbination of germine V, D and J

gene segnents to create a palive prioary.r pfoire (so called germine and
juncti onal ¢} closed conmayonliiiBeciad Bt n of the resulting rearranged

V genes. Analysis of human anti body sequences has shown that diversity in

~the primary, reperfoire is focused at the centr.e of the antige i.ndi ng
site wher ead®® Jfoconﬁo‘?‘sﬂiff)gfﬁ’ﬁtsg‘iopgﬁo 33183 PR ey es?%glﬁ%e%g%t t he
peri phejy othe Woﬂﬁ?ie%ﬁ-d@ﬁ?[ﬁnﬁﬁta@i épetofi)dﬂﬁ?dingﬂemhhg hie?amem Sclemuta'(ﬁejr aret he )
primary repertoire (see Tominson et al. 96) J. M, Biol., 56: 813).
Thi s conpl eftehtciossd §°‘P’T‘a’§n‘iﬂ°8b%‘b¥e§°”é\f{9$9@d é«gragqu@u]sliyt ity may b eé{"g?ror |
- sear chi F‘? saggb@aqglassmﬁ_ 2 %naﬂl(iiﬁh aiap,mlethgﬂteaﬁgaé,eﬂtohyadumoque atlﬁlkalnaésam_ 'es\,mi t )
‘can easily be applied to other polypeptide repertaoires. e residyes ic
are varied W@sagélh@&fheoﬁﬁﬁwﬁlh@g@r t“l‘?&‘%teffaﬁi‘"nf’gmf Bipsrdi ??Q}-W%O”f BE he

target. DiflarentndihpGlddHiGePyans sib@dr, subsets of residues in the
target binding site are diverSified at different stages during sel ection,

if deskixed. In the case of an antibody repertoire, an initial " naive'

repertoire &gl ed where some; 30 but not all, of the residues in the
antigen bi St e are diversified. As used herein in this context, the

term " nai vEkelstesisonay bobased phoomurnglobelin woleties ortayebaerninEIegiebwimiad
target. Thg qg)lseetctgll'tﬁ %P(l;w?es ?@%‘%d%}%ﬁﬁﬁo%\%ﬂuﬁﬁ sREBofi GORG G R b d¥includes
of an I ndividua 0

e
i nmunogl obull%?lh genes as not undergone | nmune
di versi fi cadyi omy onsndrs of boseamiecind tioni dieafolR@ide canbenupgbbulin\modgely/ 003019

PCT/ GB2003/ 002804 newborn i ndivi F oy y have
not yet zooegq;n@}%glagieﬁggﬂglg,e §% eor\r/iaanrﬂ?dé%;ﬁgécl) ss)a%gtﬁ?%g?\fc stH iﬁo I’?“ E\Eles
repertoi reCHs dopen 6£heahtishbdgdrivnisthan; marigeuobglobuiin gelvsulo compiisinpés. | f
required, fClL-lIrit Qn%r C%Vﬁtr)gllauin ) aql tan%r(])djt() q:lela%;[ rc 9115];0%1(11 iomlfrtm%logl%b&ﬂ]ne molecule

compﬂsing‘the CH1, CH2 and CH3 domains of an anfibody heavy chain; or any of the

subset (ii) in conjunction with the CL (kappa or lambda subclass) domain of an antibody.

25 A hinge region domain may also be included.. Such combinations of domains may, for

| example, mimic natural antibodies, such as IgG or IgM, or fragments thereof, such as Fv,

gcFv, Fab or F(ab’); molecules. Those skilled in the art will be aware that this list is not
intended o be exhaustive.

30 (II) Protein scaffolds
~ Each epitope binding domain comprises a protein scaffold and one or more CDRs which
are involved in the specific interaction of the domain with one or more epitopes.

Advantageously, an epitope binding domain according to the present invention corprises




region diversified in the initial repertoire. This matur £ can
be selected for 5 nodified function, specificity or affﬁ%ﬂ%gggW%de

i nvention provides two different naive repertoires of blndlng dormai ns for
t he const w@edoamosefr dual specific |ligands, or a nai vertrigBamwyorsisdua
specific ligands, in which sone or all_of the residues in the antigen
binding site are varied. The "prinary” Flbrary io mmcs the natural
primary repegborbRs. VBLﬁtlablg'p\f@cElﬁ' swffcn@ss;nuua&%éyro@ thaRs lseiuaéd @bml i &6 re of
the antigen blndln% site that are diverse in I ne V gene sednents
(gerniine <w@nsigingatythe dellayyingsrthpdei eagedd an |1mgwfwé0b‘%@oiﬁmm those prisdesrs

((51 jr gn(r:]'é ![ Oln?lmbt% St'ié M%%Baszﬂggﬁfqgégéé Q@gbg{%@%ﬁ (ﬁrﬁ&ﬂ%%ﬁgs%gg %‘-@%110&{%7 but

HO8, L50, LsB5&h aﬂ_GI:IpEIL @se baBd dnJipoeailin ke thoks based oh Shavhadterial FB rédepoar vy,
di versit rest t 1d es_ .t hat iLver i.ed rin
reconbi nét |S§)A %Sr (t:gss jgglr{]l?:l I Oh Faﬁl"(}g regi tg t%{é?zgﬁrlséfhﬁ‘i ‘aﬁggm?é‘ﬁ%f{ F’gtéﬁ |y

mut at ed) . 'lélahmnmreem dues which are di ver3|f| ed include, but are not
limted to: H31, H33, H35, H95, HI96, HO7, HI98, L30, L31, L32, L34 and L96.
Al'l the residues |listed above as suitable for diversification in these
l'ibraries ape krguaffold forakeinConbiaelife Dilal®pecifié Livard anti body-anti gen

conpl exes. 20 Since in both libraries, not all of the residues in the
antigen binding site are vari ed, addi tional diversi ty is incorporated
during sg! epsblgﬁloh)bfﬂﬁrlﬂdlﬁlghéjﬁl&)ﬂﬁﬁﬁﬁi (5}1 ng residues, if it is desired to do
so. It shall be apparent to one skil in the art that any subset of any
of these resi dudls mepb %@ﬁb?@ﬁ&@%@b%@@emﬂé&mawlﬁh@ dafor ithpén

bi ndi ng sit

diversifi ca@%ﬁr?a g‘%@%ﬁéy gﬁ{jle%g{r?lé d&“1 %%ﬁogﬁgq;&hﬁﬁ?ﬁg‘%%gﬁg{terrﬁlgtofghﬁnof
libraries fryimargsequanaeheorpayisen plosequaseeseandickystalioprsphio trediarsehasgesdalddons i s

typically | rde
sequence V\ha@Ch cifi E&U{&{ﬁg’ @eeabtfg%csgx %‘? ygt%#ie)mgég@%&e‘%t I de sda%ﬁ@g’aﬁg’a
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more diverse in terms of sequence, length and structure (due to the use of D segments), it

also forms a limited number of main-chain conformations for short loop lengths which

depend on the length and the pf__esence of particular residues, or types of residue, at key

positions in the loop and the antibody framework (Marttin ef al, {1996) J. Mol. Biol., 263:
25 800; Shirai et al. (1996) FEBS Letters, 399: 1).

The dual specific ligands of the present invention are advantageously assembled from
libraries of domains, such as libraries of Vg domains and/or libraries of V}, domains.
Moreover, the dual specific ligands of the invention may themselves be provided in the
30 form of libraries. In one aspect of the present invention, libraries of dual specific ligands
and/or domains are designed in which certain loop lengths and key residues have been
chosen to ensure that the main-chain conformation of the members is known.

Advantageously, these are real conformations of immunoglobulin superfamily molecules
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single known main-chain conformation it has been found, contrary to expectation, that
diversity in the main-chain conformation is not required to generate sufficient diversity to
target substantially all antiger;:;ls; Even more surprisingly, the single main-chain
conformation need not be a :f;‘"consensus structure - a single naturally occurring
25.  conformation can be used as the basis for an entire library. Thus, in a preferred aspect, the

dual-specific ligands of the invention possess a single known main-chain conformation.

The single main-chain conformation that is chosen is preferably commonplace among
molecules of the immunoglobulin superfamily type in question. A conformation is
30 commonplace when a significant number of naturally occurring molecules are observed
to adopt it. Accordingly, in a preferred aspect of the invention, the natural occurrence of
the different main-chain conformations for each binding loop of an immunoglobulin

domain are consic_lered separately and then a naturally occurring variable domain is
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conformation which is observed most often in the natural repertoire is therefore selected.

In human antibodies, the most popular canonical structures (CS) for each loop are as
follows: H1 - CS 1 (79% of the;expressed repertoire), H2 - CS 3 (46%), L1 - CS 2 of
200 Ve (39%),12 - CS 1 (100%), L3 - CS 1 of Vi, (36%) (calculation assumes a k:A ratio of
70:30, Hood ez al. (1967) Cold Spring Harbor Symp. Quant. Biol., 48: 133). For H3 loops
that have canonical structures, a CDR3 length (Kabat et al. (1991) Sequences of proteins
of immunological interest, U.S. ;’;Department of Health and Human Services) of seven
residues with a salt-bridge from residue 94 to residue 101 appears to be the most
25 common. There are at least 16 hﬁinan antibody sequences in the EMBL data library with.
the required H3 length and key residues to form this conformation and at least two
crystallographic structures in the protein data bank which can be used as a basis for
antibody modelling (2cgr and 1tet). The most frequently expressed germline gene
segments that this combination of canonical structures are the Vy segment 3-23 (DP-47),
30 the Jy segment JH4b, the V, segment 02/012 (DPK9) and the J. segment J1. Vg
segments DP45 and DP38§ are also suitable. These segments can therefore be used in
combination as a basis to construct a liblfa.ry with the desired single main-chain

conformation.
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libtaries for use in the invention can be constructed by varying the binding site of the
molecule in order to generate a repertoire with structural and/or functional diversity. This
20 means that variants are generafed such that they possess sufficient diversity in their
- structure and/or in their function so that they are capable of providing a range of

activities.

The desired diversity is typrlcalls‘:r generated by varying the selected molecule at one or
25  more positions. The positions to be changed can be chosen at random or are preferably
| selected. The variation can then be achieved either by randomisation, during which the
resident amino acid is replaced by any amino acid or analogue thereof, natural or
synthetic, producing a very large number of variants or by replacing the resident:amino
acid with one or more of a defined subset of amino acids, producing a- more limited

30 number of variants.

Various methods have been reported for introducing such diversity. Etror-prone PCR
(Hawkins et al. (1992) J. Mol. Biol., 226: 889), chemical mutagenesis (Deng et al. (1994)
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addi tion, such antibody polypeptides nay be used preparatively in affinity

chromat ogr a§£‘1¥e %o%cleag ; e%duowfag the potential to create approximately more than 10%°

structures for H3 alone and a similarly large number of variants for the other five loops, it
20  is not feasible using current transformation technology or even by using cell free systems
to produce a library representing all possible combinations. For example, in one of the
largest libraries constructed to date, 6 x 10'° different antibodies, which is only a fraction
‘of the potential diversity for a:library of this design, were generated (Griffiths et al.
(1994) supra).
25
In a preferred embodiment, only those residues which are directly involved in creating or
modifying the desired function of the molecule are diversified. For many molecules, the
~ function will be to bind a target and thercfore diversity should be concentrated in the
target binding site, while avoiding changing residues which are crucial to the overall

30 packing of the molecule or to maintaining the chosen main-chain conformation.
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is very inportant, in pou& care, test and drug devel opnent where
sanpl e Oar ermutation spreads 1vers1ty to regions at epenphery of the aniigen binding site that

are highly conserved in the primary repertoire (see Tomiinson er al. (1996) J. Mol. Biol.,
256: 813). This complementarity has probably evolved as an efficient strategy for
searching séquencc space and, although apparently unique to antibodies, it can easily be
applied to other polypeptide repgartoires. The residues which are varied are a subset of
25  those that form the binding site for the target. Different (including overlapping) subsets of
residues in the target binding site are diversified at different stages duringselection, if

desired.

In the case of an antibody repertoire, an initial ‘naive’ repertoire is created where some;
30 but not all, of the residues in the antigen binding site are diversified. As used herein in
this context, the term “naive” refers to antibody molecules that have no pre-determined
target. These molecules resemble those which are encoded by the immunoglobulin genes

of an individual who has not undergone immune diversification, as is the case with fetal
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and ni cr oor yalei mtyacﬁamemalshmuhi 'ﬂ‘hnssnpetﬂoa'd iglitemassésted Tagsinst arrmg@se‘bl by

bl ood .banks, .es ts f HIV. on B.
Ther apeut i X UIP %’1{ é?& ﬁjgs;retqgg uct}gepsi;‘% gtpénagngi\hloe%ed Slde Fcri bed
drugs in pategmntchva‘mﬁeceirf tfﬂdﬁi}tialaﬁﬁeﬁdh‘ea\fhlsdnimnedCrblieytplré @an bxaaipd;ted dbrgoxi n
for arrhyth henoharbitgl. |levels in psychotic cases; theophylline
for asthha. mg%%ﬁ%ﬁ’é“étﬂ&esﬁeé gyarragl WHFeover useful in abused drug testing,
such as testing for cocaine, nmarijuana and the like. Metabolic tests are
used for neasuring thyroid function, anaema_ 10 an(g ot her, physi_ol ogi cal

di sorders ah P%Yﬁ%tiqnoﬁ@“d?ﬁéw A SHEETEMO RIS AFRSHBESSS o Pinginga fomains,fpre BiFer
useful in togARAUA BE&MH epeefﬁcq{gma&da ndive %r&%'of@ﬁﬁ%b@éiﬁé’h@éﬁ@ﬁ whidhe

i ncl usi on of | rmunoassays and chem st r)é assays on th samne, | nstr unent is
“hi ghl y advaiPggs dllsofi the ES@QWO@HN:&#*@&% H@mggeiptaﬁbv%wéhﬁﬁ aimagg'sliyary 15

i ncl ude,§ est .40 ?5{9&?}’% a@*}g&%ﬁ@ a1 d&&&@%@éﬂw&d #ds Hﬁ@ at thk %entiéé qu rther

nHjOF appl|cat|on us | NMmunoassa rug |scover
devel opnentthe hnwnt binding Ispe that @reediverse in dd gereding S5 teengy seaebis mh@l

chem stry achlé&éx %%?éﬁé&sduﬁi% hen?egb&biﬁ%ﬁ:{ﬁﬁ&bé%@ % er divrdd E’? Thésg

det ect ed, ive groups nto grou
eventual |l y mﬂdueedvhmh areﬁ:lvsrsﬁindlnichldn, i:a;nmaiolshmiﬂthgHﬁ@u}ﬁz Hémwsnﬁgs be used

in all the ) ni «Studi es

and clini cﬁé’%g%—s‘&{‘léggyﬁ% éf&g?ﬂébgn%gﬁﬁé ?/Qeli‘??’ ﬁi%or%ggenggég%cssays

gr eat | y1smcdérayadiecraing isStegpicied yo rdsiines ﬂrwead&wamﬁeﬂdMg ﬂ@pieccmaiimnm

|nc! ude food and b ver1 e te %1‘1% sti n q% ,{,her fo 51

coli . sal noeferagugsions gt somelich g et G restR B o At

: ror albl t}érwén%@érsﬁ“ﬁﬂﬁ:&ﬂﬂdﬁ,aﬂﬁ srelnaciuuﬁem EséI i3, Hga,rlg% m,emma{%, L8gting.
na roa e | nent I tIQn rOVI S a In |n assay. .Co r|5|n a

det ect abl e %gi’& T and I‘§6 b‘:gﬁ rpgidug é‘lstﬁg O¥o?¥ %‘i‘tﬁlﬁ? H?}%/ P i cg

| i gand accqhrge MBrdries tammoag tb MRS thiRhots ﬁfT&leVﬁQﬁ&eQﬁﬁlﬁfﬁ&%hh&nMOﬂﬁ%}&é es are

altered by the bi ndi ng of an anzsa(gyte to said closed conformation

mul ti sp¥ci fiiece) inghaly b e residuse i dhsr ghigee pidipesdipeqry varied,

additional diversity is incorporated during selection by varying the remaining residues, if

[

it is desired to do so. It shall be apparent to one skilled in the art that any subset of any of
these residues (or additional residues which comprise the antigen binding site) can be
used for the initial and/or subseq&?’ient diversification of the antigen binding site.
25
In the construction of libraries for use in the invention, diversification of chosen positions
is typically achieved at the nucleic acid level, by altering the coding sequence which
specifies the sequence of the polypeptide such that a number of possible amino acids (all
20 or a subset thereof) can be incorporated at that position. Using the TUPAC
30 nomenclature, the most versatile codon is NNK, which encodes all amino acids as well as
~ the TAG stop codon. The NNK codon is preferably used in order fo introduce the

required diversity. Other codons which achieve the same ends are also of use, including




di fferent ways, each exploiting the above properties of ed co 8@$rnation
mul tispecific |igands. 28 Decenber 2006 WO 2004/003019 002804
75 The assay relies on the direct or indirect displacenent of an agent by
t he anal yt swo xegeséiong in a change in the detectabl e pcopBroind/essiaf the
agent. For exanple, where the agent is ? enzyme which is capabl e of
catal ysing a reaction which has a detectable end-point, said 5 enzyne can
be bound by hHenN 6@, wHER 1835 %oothe ﬁ)tdﬁétf&n dfttﬁe Q&‘cﬁﬁdfﬁl st} Bodoh$ @ 6G2D¥na
i nactivatin the enzyne. The anal yte, whi is al so bound by the cl osed
conformati odddul tispecific |igand, dlsplaces the enzyne, rendering it
active through freeing of the active site. The enzyne is then able to
react with a substrate, to give rise to a detectable event. In an :
al't er nat i ve Aefebtocti ofesids- chahedivblgﬁyndh theyaniigerd bindmgentie yafdioah sintleodids ishe
active site n n conf z a hus
IterlnggltEK%%?mﬁgéﬁa ‘%-iﬁﬁﬁF cﬂ&?ﬂ%&hﬁ$ﬁ%thgﬁ%§g #g%giggW% st e may
be constr ai gesbodifioh BE tHei tadnmgt difertdgosttiogafitlcach roftrlieevﬁ,bvpmm fpicmefagct or s
necessary for act|V|t¥ %%pe prevent ed. Thegﬁh ysi cal qﬁlenent %_on of the
assay nmy t SleEmgd RS Ak iae! e siflesohgin divess comes HgFpPIEY SeYF8 UHEERY

conformat | Ofésﬁﬁést u&peeselﬁgcselnhgqm/(fwﬂﬁe GIR), S¥paiBdindd €1 194)0 ¥l fyéﬂ@ (9%) a test

strlp the substrate ma r ovi in a different region o

strip, and @lams@wen@spe%ﬁ@ éﬁ%ﬂ 7y thisenips €%k Ehwhlw‘amﬁhmr@fa%w@ﬂﬂ%gh t he
ligand/ enzy iy CQMP! Efdues %ﬁ%%ﬁ&ﬂo%ﬁ@ BRE BN mlﬁ@r @sbmy irbfidcss e

substrate region to produce a signal Al ternati vel he 17 gand/ enzyne
conpl ex mayevpintion o wefdcas rwhich ewt prodispdsed to dinding sdd’lﬂ@l rage pHaapdigensner di pped
L0 a0 20k BRSPS, AL e oG RAGS SRR B Rd Hns Bhh" |T
anal yt e. poteptricade! y rel eases one enzynme nol ecule, the assay is
guantitative, with the strength of the signal generated in a given tine
bei ng dependent on 25 the concentration of analyte in the solution.
Fur t her 1£onfingait & prefamblesto mgindid thisadigttilritoni of amied mﬁc&dthemﬁhdimmah iof amirioe
ossi bl e. For, l.e, the claosged confornati rrultl .gand may be
Pont i gur ed s Al TRNTOBHD rareRet Bipteo s dasfopn i R atesy bind 0808 1ot ne
enzyne. | n sehbalieseSRAGId¥ERthe shtt€tudon eﬂﬂyﬂie atids @at permits feldction absetaie of
anal yte. Addition of the anﬁrﬁgép i splaces the enﬁ%gp and renoves

al | ost eri c RRLYReDEdes fppt Jush YpeRtidg atgH’@Sté’n’?? chEtigRIEs 38t WO
2004/ 00301 9,ppfdd Wﬁﬁg@%eﬁﬁtom There are varions methods for biasing the amino

20 acid distribution at the posmon to be varied (including the use of tri-nucleotide
mutagenesis, see W(097/08320), of which the preferred method, due to ease of synthesis,

is the use of conventional degenerate codons. By comparing the amino acid profile
encoded by all combinations ?f degenerate codons (with single, double, triple and-
quadruple degeneracy in equal raiﬁos at each position) with the natural amino acid use it is
25 possible to calculate the most representative codon. The codons (AGT)AGC)T,
(AGTHAGC)C and {(AGT)(AGC)(CT) - that is, DVT, DVC and DVY, respectively using
TUPAC nomenclature - are those closest to the desired amino acid profile: they-encode
22% serine and 11% tyrosine, asparagine, glycine, alanine, aspartate, threonine and
cysteine. Preferably, therefore, libraries are constructed using either the DVT, DVC or
30 . DVY codon at each of the diversified positions. '




In the context of the above enbodi nents which enpl oy enzx&ch%&&¥h&¥ as a
neasure of the analyte concentration, activation or i nactivatl on

enzynme refers to an increase or decrease in the activity of the enzyne,
neasured asvo ke4eddoli ty of the enzyne to catalyse a spgnabageeesating
reaction. For exanple, the enzynme may gatalyse the conversion of an 5
undet ect abl e substrate to a detectabl e® orm thereof. For exanpl e,

hor ser adi sh @ier XL HASE padkfe Bt BRlokeits ool art together wi th chromgeni c
or chem | um nesc avai |l abl e commercially. The

| evel of increase or decrease of the activity of the enzyne may between

10% and 10 0% , 30% OCV 9 9 the
case of anoﬁ‘?ci@gg@"%ﬁ S 4CEprding, f‘lﬁ%gﬂrvggtgoeé rlr%gr{%mﬁ&néﬁ"% tha e{%o(foé}r

10 200% 30&%abl&6fadiy tREE or mbreﬁﬂMeaﬂHs mmmmm the hslf&afqaeﬁthehgage |f
the baseline .activity of the_i ggl bite og enz I:H% undet ECtal?lb I n g
further Torfi'§ier at pialy.tHeh ok fides Avhich pceparPraly 4628 ray

bind the  sybish fedbic@fad/bnR 2B/ 2B UP &ido r@umleéham@m A@ichtrBmBve hifvaaray me.
The substrate is therefore 15 unavailable to the enzyne until| released

fromthe clostedeldont be vesanish. tinrexaprls e malseylsydhichningirgses shs B t he
anal yte. Thg. b{%&ﬁl’ﬁﬁ%@&hé}%&cﬂm}ﬂyﬁu&ﬂﬁél guration are as for the

configurations ind enzyme. Mreover, the assay may be configured to
bind a fluorescent nolecule, such as a 20 fluorescein or another

f1 uor ophor lgg%' § & genched on
bi ndi ngn)t oegrﬂeemf%c’&qgég{ n ‘ﬁ%@“@‘g@g,ﬁﬁﬁggﬂ%ﬁﬁﬁlﬁgﬁgﬁ& tso the |igand
Wil di splﬁmnebm (dllagers arectht majol poidines ofttiv rtrprelidlac inalyixa Adioyhhd types

Al ternative fluo cent ul es whi ch nt
Mventon. 1errse PRI RECEL ARy kPR AR S Bl Bt oy oPBEEE",
chr onogeni cotigen (Scointiaf 6@i90% dbedy solgen)dning inlses, skin, t@fdon,riipamests,says such
as |12P. Therapeutic and prophyl actic tis

prepared acCBFRi RgRY °r§ﬂ’é°rp£9—ﬁ=ﬁqﬁ§$ﬁrﬁfﬁﬁ198aqlﬁge r?"iigt {‘?15%’?81%&% | i gands

accordi 39 tﬁu&dﬁ@hﬁ;ﬂ&iﬁl&fﬂ@l&yéo a:recipient mammal, such as a human.
Mul ti-specificity can allow antibodies to bind to multinmeric 30 antigen

with great avidity. Multispecific |ligands can allow thecross- |inking of
two anti geigieink Bun® kPHBOE idchdi@er Ui ting cytotoxic T-cells to nediate the
killing of tunmour cell [Iines. 28 Decenmber 2006 WO 2004/003019 -

PCT/ GB2003/ 002804 77 Substantially pure |ligands or binding proteins
thereof, f Q&K gﬁ&&ﬁs AR BRI BmadbgiBbulinl %ﬁﬁaﬁﬁmlrpﬁaﬁ%ébarmgenel ty are

preferredfor a nistration to a manmal, and 98 to. 99% or nore

hompgerasi t yibirsogandd, semerastyloid protgin i heniasiehin. prafilin uhiguitip ireglabylip apfen t he
B-2-microglobulin;

Enzymes and inhibitors such as plasminogen, lysozyme, cystatin C, alpha-1-antitrypsin
and panéreatic trypsin inhibitor. i’lasminogen is the inactive precursor of the trypsin-like
25  serine protease plasmin. It is normaily found circulating through the blood stream. When
| plasminogen becomes activated and is converted to plasmin, it unfolds a potent enzymatic
domain that dissolves the fibrinogen fibers that entgangle the blood cells in a blood clot.
This is called fibrinolysis. '

30 Immune system proteins, such as IgE, IgG, IgM.

Transport proteins such as retinol binding protein, a-1 microglobulin.




manmal is a human. Once purified, partially or to honoge |red
the ligands 5 nay be used diagnostically or therapeuti cal €%lnc u
extracorporeally) or in devel oping and perform ng assay procedures
i mrunof | uovesmenéosadai ni ngs and the |i ke (Lefkovite andr/Besms/mzsisl979 and
1981) | mmunol ogi cal Methods, Volunes | .and Il, Academc Press, NY). to The
| i gands or binding proteins thereof, for exanple dAb nononers, of the
present i nvegkidi smﬂdsbtsaéﬁue?alkm RbRFbpHa BefbbiRISY &R{4.Ng, SUPPr essi ng or
treating inflammatory states, alfergi ¢ hypersenditivity, cancer, bacteri al
or viral infection, and autoi mune disorders (which include, but are not
limted to, phy éomﬂi f&?etbffc?ad b@@h %Bbl%él%ﬁsﬁgl g&%s'xﬁelal{o*& t°' d
arthritis,: systemc u us er ena osus ohn''s di sease an :
nyast heni a gwaMbsyumﬁmammﬁmwn&mqntMappl|cation, t he tern1"prevent|on"
i nvol ves_adm ni stration of the protective conposition prior to the
i nductioh of the di sease. "Suppression” refers to admnistration of the
conposi t i on Tadtferrinacepide siwscific dig@bndurophtitmapéiitios] agenttiidorCproleims@eeappear ance
of the 20 dt@gg@ﬁo "Treatnment” involves adm nistration of the protective
‘conposi tion i sease synptons becone mani fest. Ani mal nodel systens
whi ch can be used to screen the effectiveness of the antibodies or binding
proteins thereof in protecting against or freating the disease are
tbeha{q:f*i

avai | abl e. P wpilpyFade TRt pnsferisy Eans fHran rogerier BEyn, @l us
( SL E) NLno s uaﬁgﬁw@ﬂ fBeton IC@GPrI?rééEﬁ?HWlﬂsﬁhrPh& 9@6&&(@%@3{(}?@5 ?écm@;&w?B) J.

1653; Rel nersten ef al

515) NVastﬁ@WﬁHfﬁwﬁvls (M3 is tested |n SJL/J femal e m ce by |ndu0|ng

t he di sease with soluble AchR protein from another species (Lindstrom et
al. (1988) Adv. Inmunol., 42: 233). Arthritis is induced in a susceptible
strain of nPI@éeIIbW@l)Sadrt? émﬂqlfblny,@ﬁclﬂ'ml}fwstmoﬂypagénoltaSt‘ma)rgﬂne«‘tmmn (1984)
Ann. Rev. Q del by which adjuvant arthritis is

i nduced |n Sus ep{Kb1e ra s by nj ection of nycobacterial heat shock
protei nihas been described (Van:Eden et al. (1988) Nat ure, 331: 171).

Thyroi ditisgl e of t gl obulin as

descri bed (Rfa?gﬁq%ﬁaﬁ?gtbg‘é?ﬁﬁref fﬁ%l’%affs%g TOOSETS GB2003/ 002804 78
at. (1980) J. Exp. Ned 152: 1115). Insulin dependent di abetes nellitus
(1DDVM OCC:%E* natu% or..can be induced in certain strains of mce such
as those deBiopd @ f:8awa et at. (1984) Diabetol ogia, 27: 113. RAE in
mouse and ra&tarftigfyses as a nodel: for MSin human. In this nodel, the
denyellnatlgg glsease i s induced by adm nistration 5 of nyelin basic

pr ot ei % fler son (1986) Textbook of I mrunopat hol ogy, M scher et

Proteins localised to the Iung, such as secretory component (binds IgA).

Proteins localised to the Heart, for example HSP 27. This is associated with dilated
25  cardiomyopathy. )

Proteins localised to the skin, for example keratin.

Bone specific proteins, such as bone morphogenic proteins (BMPs), which are a subset of

30 the transforming growth factor 8 superfamily that demonstrate osteogenic activity.
Examples include BMP-2, -4, -5, -6, -7 (also referred to as osteogenic protein (OP-1) and
-8 (OP-2). '




at., eds., Gune and Stratton, New York, pp. 179-213; M:Fﬁrﬂeig et &)%.
(1973) Science, 179: 478: and Satoh et at. (1987) J. |mAinoToF587%179) .
Generally, the present ligands will be utilised in purified formtogether
with 10 phaormegebagi cal ly appropriate carriers. Typi catigponh@egscarriers
i ncl ude aqueous or al coholic/aqueous sg] utions, emul sions or suspensions,

any including saline and/or buffered i a. Parenteral vehicles include

sodi um chl or immoﬁt)dpu&iﬁegm_tﬂsn%ﬁl&ﬁgﬂﬁ&%ﬁ R&ﬁwﬂa&%ﬁ%@%{%ﬁ%ﬁgn?&di%m chloride

and lactated Ringer's. Sui tabj e physiol ogica aaﬁ’ Gvants, if
necessary t c*REEHD EFCRRIPY pethensine eg eathsipeir B (founddmbvesianthspleraybe chosen from 15
t hi ckeners such as carboxynet hyl cel | ul ose, polyvinyl pyrrolidone, gelatin
and al gi nates. Intravenous vehicles include fluid and nutrient

r epl eni sher Diagaer-aeeific ptiging sobpk entigsheexpressetlionty @sctinasET-baethcRding nger' s

dextrose.c Pr [ ‘ her additives, .such tim crobjals,

ant i oxi dant SL%%ﬁgﬁg#ﬁ%mg%gH%n d %’i %&PP“‘S%%%% ‘8%?&38}5@@ S?fg‘{’%"@é@ﬁ{ ( Mack

2? (%982) RERHAFODIP9Y, PHAD (rementick ofthe SdiFasaptr falliﬁl)tle :éésédldﬁacﬁidmé‘dti gands

compos 1 ongoisgpa b Pesk¥ ety o6 hgerar Batyah ot snestAselt eaenlstedde

various i mmbnobhErcalpukicnislvingype-INUINVaE-pRdue S RO ) See J@{MFE obag e.

adri anycin Wlf%q%?}f%‘g %@d | mmunot oxi ns. 25 Pharmaceutical conpositions

can i ncl ude”*co {4047 Up, pPrrgteses (pssncisigd Wiy arfirifig/pangereh insluding

conj unctibon C@és e th@oﬁﬂiﬁ@lﬂﬂ&n@habﬁginpﬁmrﬁmﬁmﬁ% SL?{ml?le%’hsﬁ?”bi nations
[

i
of lignds accordjng t% the present 1nvention having erent

" speci fi ci t i BRECESHCRIYEh froiorm duciudingacidiqifibroblesigrawth fastaFGF-d).dasic ant i gens or
epi t opes, WhelobREt ﬁéwﬂﬁcf&ct%ﬂﬁlﬁF%,Wagaﬁ&%ﬁf&ﬁéﬁ‘i Qi ﬂgtrgir m stration. 30 The

route of adm nistration o armaceut 1 cal conp®Gsitions aca”cg%u}%fi ng to the

i nventi-on Wewltaﬁ%tﬁmﬁ%é‘épmdmﬁmkrgmmthlfartarhc(&‘é%F@Jj, tamok meafogisski | | in

the art. FOfgefo N ' b LAAOUL Al AT Lon. i her , the
ol cot ed || montCRRDUINE b Shélnent, iolaitth s G B SE® M0/ 003010
PCT/ GB20D 3/ Srgredandpthelialgmovn farthri(PD HCFBcplaenahyropai fent (HIGFRegangance with
standard t i ey ' n _be by any appropriate node,

STt g SAPRRER P B BASELRS) MiiBal O, orY,  F

i ncl udi ng parenteral n ; Qruscul ar y, intraperitoneally,
transdermally, via the pulnonary route, or also, appropriately, by direct
i nfusion w E L. Jhe dosage and frequency of 5 adm nistration wll
depend on t%%sg%rg@%@%gﬁh cgg’f?g‘ll ?on of the patient, concurrent

admi ni st r atH8Rs aé naxtdally fehnd garacdlsfly eWhadihef hieTBdaRtacliiRfy,Rekaget ers to

be 1 akeﬂ) : %oqcatgr(:tﬁé)clﬁnéell %Xs é.lQ(F an%l,sin!flleg L)L?’cq{s contents. This unprogrammed cell death

(necrosis) only occurs when as a result of trauma, disease or injury and therefore in vivo,

extracellular HSPs trigger a response from the immune system that will fight infection

and disease. A dual specific which binds to extracellular HSP can be localised to a
disease site,

25
~ Proteins involved in Fe transport
Brambell receptor (also known as FcRB)

This Fc receptor has two functions, both of which are potentially useful for delivery
The functions are

30 (1) The transport of IgG from mother to child across the placenta
' (2) the protection of IgG from degradation thereby prolonging its serum half life of
IgG. Ltis thought that the receptor recycles IgG from endosome.




'to such synptons present befo
senof andel

The ligands of this invention can be |yophilised for stor,gge and
reconstituted in a suitable to carrier prior to use. Th@g%Fg%ﬂﬁfaﬁé has

been shown to be effective with conventional i nnnunoglobulins and
art-known Iwmmoibese@ti on and reconstitution techni quesercaGBhOs00esml oyed. |t
w || be appreciated by those skilled in,the art that |yophilisation and

reconstitution can lead to varying degrees of antibody activity loss (e.g.
wi th convent e ¥adiliger BIRINOAEARE HNBSI90Y 3L 1B30DisBedi es tend to have greater

activity loss than 1 gG anti bodies) 15 and that use |evels may have to be
adj usted upward to conpensate. The conpositions containing the present

| i gands or §; I ]-I;ghlgr : g 1.0l gt.er : i nd/ or
t her apeuti cq’tlﬁgét(&ngﬁds. Intﬁ‘gfél}‘%gt?oﬁlb %ﬁg?g% uetaitgbg;gsgﬁlggtf%ﬁlg%gﬁﬁ% ésguate
anount to acdboglreglirieg alyeiasteagean tar ahcreasing diatfi life in vivppFos skonple,nigiudsat i on,

20 killing, _or _so t her neasurabl e.paraneter, .0 opul ati on of .sel ected
cel I's i s aerPR B4 MRt PG RTToR PRt i @tog JuliO e, BicafPe Siifed o
achi eve t hi aredixemgpesifit,|thetetpeadblingpiius-hrcidie umgeting offihé beal dp&tiskgamnd t he
general state Qf,the patjent's own inmmuype_system_. byt neral |y range from
0.005 to 5. 6 FIAbORPHsRaL Rnd 2 it BEnyS MPUBRpHly v iaee wigtpectve
receptor) obf&iyiférege B LM, 4MmeteohispRdy fdulio Merad ek, vaasy theticgit or did h
doses of 0.05 to 25 2.0 .ng/ kg/.dose, being nore co nly used. For
prophyl act i @0agEst egetsdaduey & Hyssthis apay redisert éh%ﬂ%n?gdt%% goBeier fognds or
cocktai h§ t hpsiffive BR¥afdeTRtRAY RO (18 Sl the Hofid Iﬁ%y B diredlel @) frolower
dosages. Treatnent perfornmed using the conpositions descri-bed herein is
consi der ed Hufriclegrangedo kidney dearanee)-or nore synptons is reduced (e.g., by at
| east 10% or at | east one point on a clinical assessnment scale), relative
re treatnent, or relative to such synptonms in
C aifganed ling I3

an. i ndi vi dullt ( 2 A pnding rie At s
Synptons wi |l .ohyiously vary depending upon the disease or disorder
targeted, b 28 Decenber 2006 WO 2004/003019 PCT/ GB2003/ 002804 80 be
measuredsby an ordinarily skilled clinician or technician. Such synptons
can be nea ed, .for exa nonit or i the lLev of. o or re

bi ochen car MPieirehasf Mptinady ARG bEde sXnn Y HallioldF gflpRIE
enzynme or niivediohinhs eomiptdyetl dnl iavwibd tHetppentiti ad asephylaetid gpliedions| i vitorber s,
etc.), by nonjitorin hysi cal. manifestations (e.qg., 5 infla No) t unor
ot 5o ey, ) Suin g ot ablios oy it v 580 aud Fafint apmi BloRy PRE g eee ™ e
Expanded Di Bateixhrinply afifitldy snofieale® mbaf 6€ usadlid bytibodpbised ashpjechdidqirs,|savh #e

I nf | anmat or owel .Di sease,Questionnaire (3 oj nt assessnent eval uat es
qual it y20f %L@%“F%@B@E‘PﬂgPd“ﬁg?/dgﬁm?%&’ttgﬂ%s AP synpt ons,  soci al
function and enotional status - score ranges from 32 to 224, with higher

scores indicating a better quality of life), the Quality of Li fg .
- As alluded to above, the multispecific ligands according to the mvention are of use in

diagnostic, prophylactic and therapeutic procedures. Multispecific antibodies according to
the invention are of use diagnosﬁca]ly in Western analysis and ir situ protein detection by

25  standard immunohistochemical procedures; for use in these applications, the ligands may

. be labelled in accordance with techniques known to the art. In addition, such antibody
polypeptides may be used preparatively in affinity chromatography procedures, when
complexed to a chromatographic' support, such as a resin. All such techniques are well
known to one of skill in the art.

_30

' Diagnostic uses of the closed conformation multispecific ligands according to the
invention include homogenous assays for analytes which exploit the ability of closed

conformation multispecific ligands to bind two targets in competition, such that two
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net hod of the present rnvention may be enployed in in vivo therapeutic and
prophyl actic applications, in vivo diagnostic applications and the |ike.
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tested at once, with very low levels of test molecule, adding additional separation steps

can eliminate the ability to perform a screen. However, avoiding the separation creates
too much noise in the read out, .Thus, there is a need for a true homogenous format that
provides sensitivities at the range obtainable from present assay formats. Advantageously,

25  an assay possesses fully quantitative read-outs with high sensitivity and a large dynamic

| range. Sensitivity is an important requirement, as is reducing the amount of sample -
required. Both of these features are features that a hdmogenous system offers. This is
very important in point of care testing, and in drug development where samples are
precious. Heterogenous systems, as currently available in the art, require large quantities

30 of sample and expensive reagents

Applications for homogenous assays include cancer testing, where the biggest assay is

that for Prostate Specific Antigen, used in screening men for prostate cancer. Other
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Med., 147: 1653; Reinersten et at. (1978) New Eng. J. Med., 299: 5 515).
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denyelinating disease is induced by _adm nistration_ of eli rhbasi C _protein
i als. Homogenous

(see Patler spht mnfo smaller groups, and eventially tested in cells and then am
assays may be used in all these types of test. In drug development, especially -animal
studies and clinical trials heavy use of immunoassays is made. Homogenous assays
greatly accelerate and simplify these procedures. Other Applications include food and

~ beverage testing: testing meat and other foods for E. coli, salmonella, etc; water testing,
25 including testing at water plants for all types of contaminants including E. coli; and

veterinary testing.

In a broad embodiment, the invention proﬁdes a binding assay comprising a detectable
agent which is bound to a closed conformation multispecific ligand according to the
30 invention, and whose detectable properties are altered by the binding of an analyte to said
closed conformation multispecific ligand. Such an assay may be configured in several
different ways, each exploiting the above properties of closed conformation multispecific

ligands.
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20  phase, and dipped into an analyte/substrate solution, releasing enzyme into the solution in -

response to the presence of analyte.

Since each molecule of analyte: potentially releases one enzyme molecule, the assay is
quantitative, with the strength of the signal generated in a given time being dependent on

25  the concentration of analyte in the solution.

Further configurations using the analyte in a closed conformation are possible. For
example, the closed conformation multispecific ligand may be configured to bind an
enzyme in an allosteric site, thereby activating the enzyme. In such an embodiment, the
.30  enzyme is active in the absence of analyte. Addition of the analyte displaces the enzyme

and removes allosteric activation, thus inactivating the enzyme.
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recept ors or | I’IIC.iI ng pr tEI'J?II erg%fe V\ﬂer CL ll#l%ésl?ﬁ eJ:Sn'Ilall-’eg "Fbﬁs ane

ki |l ed 26r duhessesinger another ﬂuorophore in a conformauon such that the ﬂuorescence is
quenched on binding to the ligand. In this case, binding of the analyte to the ligand will

displace the fluorescent molecule, thus producing a signal. Alternatives to fluorescent
molecules which are useful in the present invention include luminescent agents, such as
luciferin/luciferase, and chromégenic agents, including agents commonly used in

25  immunoassays such as HRP.

Therapeutic and prophylactic uses of multispecific ligands prepared according to the
invention involve the administration of ligands according to the invention to a recipient
mammal, such as a human. Multi-specificity can allow anfibodies to bind to multimeric

30 antigen with great avidity. Multispecific ligands can allow thecross- linking of two
antigens, for example in recruiting cytotoxic T-cells to mediate the killing of tumour cell
lines.
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(012/ 02/ DPK9 and JK1) with side chain diversity incorporated in
conpl e t ag CRE ) merk.| d
[ brary @ oo Spmts HAbRD flois Q1eR o) LEip1o Ulp b merk o Bb Yty
di ver si f i edingentiposwilli tpisalis find yse in mg@nun%:gupmggmg HBGireatsg, mﬂg@natpq% HO7
and Ho8 D r i r L
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Library 4 contdi sequénce, er eas the sequence o VK is
di versi fi eddlaQrdms(wlblchmnclu&@ leIL&SQ not_gin,ltede,, T3] difhtteandstivgs miiipleor NNK

ded, L brar] 0. phagemi d
o1 T2/ ey 1 B (eeymeSot oyoadf ikl bl fhg (BRI

gener|c1$|gﬂmﬁﬂmmﬁmmnegn A and Proteln L, so that the magjority of clones in
the wunselected libraries are functional. The sizes of the libraries shown
above correspond to 25 the sizes after preselection. Library 1 and Library
2 were m Xep thé indfant @pﬁﬁh@ﬁtth@fb&no‘prevaﬂi’oh’gﬁﬂow& atinehidtrationi ofgheprotdbuiveny VK

library and Library 3 and Ljbra
y composmog prior to the induct{ ¥l oz% sease )S‘guppressmn refers to administration

of the composition after an inductive event, but prior to the clinical appearance of the
20  disease. “Treatment” involves administration of the protective composition after disease

symptoms become manifest.

Animal model systems which can be used fo screen the effectiveness of the antibodies or
binding proteins thereof in pfbtecﬁng against or treating the disease are available.
25  Methods for the testing of systemic lupus erythematosus (SLE) in susceptible mice are
" Lmown in the art (Knight ez al. (1978) J. Exp. Med., 147: 1653; Reinersten et al. (1978)
New Eng. J. Med., 299: 515). Myasthenia Gravis (MG} is tested in SJL/J female mice by
inducing the disease with soluble AchR protein from another species (Lindsirom ef al.
(1988) Adv. Immunol., 42: 233). Arthritis is induced in a susceptible strain of mice by
30 injection of Type II collagen (Stuart et al. (1984) Ann. Rev. Immunol., 42: 233). A model
by which adjuvant arthritis is induced in susceptible rats by injection of mycobacierial
heat shock protein has been described (Van Eden et al. (1988) Nature, 331: 171).
Thyroiditis is induced in mice by administration of thyroglobulin as described (Maron et
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ELI SA phat eﬁhdﬂﬁﬁ&l%@llﬁdapﬁdpﬁath%é?é. T%aﬂ%aggéggglﬁr%k Iin%{ag%qg ous_or

concentration in PBS overnight at 4C. A’sta prot wa

fol | owed (HOEROHsatirort salutionsgGrmlsions ner sispensionenany idudicg phlageamd/sth -
ant i - ML3- HRR\ 08 MOfL I QP S g aV SA signals of greater
than 1.0 with 501@%%?%5%%{1‘%%‘268%@? %%Rﬁ c&?%pg s&t‘k@”’r‘%ﬂ%‘?%’fﬂ% dunmy
VK library éfressand sodivmsrhlenids dnddmtatedRingenty SuithHlé phmiologielieategtable ( 3- gal

usi ng the S0l i i i agen). .. To access st. of fhe
di ve?si ty, qﬁﬁ%@’éﬁﬁ%%%é%%ﬁﬁﬁeé@gﬁggﬁ?ﬁg SPIRFROT B’&%g chsen Egect i ons
and t-heip puthickehetsoyel erartoaymethelhelbdost,ipelyaitylgerotidoddNeel Rinepg albdatest hen 25

digested with Sall/Not7 overnight at 37C. Followi ng gel purification of the
fragnents, VK chains fromthe VK/dummy VH |ibrary selected on (3-gal were

ligated in Iphraeeowf vehiclaunstydeMiGic bad futtiént trbevifloatiavelodbol yidrepletisheh eCt ed
x 109 clones. 30 This library was 't hen

HSA i i 3.
ot hor ool D B Shose BaStal v Rt Ao R paR VoS Bopeh SRS, SRS 3. gal
sel ecti on, antimémotids,gatiofifiints thelaiug e ehdHh 6886 MY 1N reschipnark/ HSA

20 (1982) Remington's Pharmaceutical Sciences, 16th Edition).

to forma single VK/ dumry VH library. Three rounds of selzgtbt ice?’rﬁ)%i&%&é?

The ligands of the present invention may be used as separately administered compositions
or in conjunction with other agents. These can include various immunotherapeutic drugs,
such as dylc_:osporine, methotreéﬁcate, adriamycin or cisplatinum, and immunotoxins.
25 Pharmaceutical compositions can include “cocktails” of various cytotoxic or other agents
| in conjunction with the ligands of the present invention, or even combinations of lignds
according to the present invention having different specificities, such as ligands selected
using different target antigens or epitopes, whether or not they are pooled prior to
administration.
30
The route of administration of pharmaceutical compositions according to the invention
may be any of those commonly known to those of ordinary skill in the art. For therapy,

including without limitation immunotherapy, the selected ligands thereof of the invention
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87 selection. Selections were performed as described abdV®TWEALR case
after the second round 48 clones were tested for binding to HSA and (i-gal

by the nonqgl engdosfaihage ELI SA (as descri bed above) anplcbgpfbidassedf the
sol ubl e scFv fragnments. Soluble antibody fragnments were produced as

described by Harrison et al., (1996), &hd standard 5 ELI SA protocol was

fol | oned Hoogenboom et at. (1991) Nucl ei { . X ; ept that
296 Tuen/ PRS XS HURE el b g laetigft, Bt fecdfefe WA ot ShianeGEFED, o
W th Prot ei sintinikikftion Tdan e o} amye spridptiateEmode) dnél8ding marentehudlyHitkday éhogsly,

sel ection and two | ones (K8 d K10), framthe _(3-gal /[ HSA sel ecti pn were
abl e to bi nETRABIREANY: szﬁgém%qae—‘ﬁ)é trf“fs)g?ﬁ“faﬁg’sgmcl nggﬁqﬁ@?@ *atfp fg‘?’i ed and
sequenced ﬁ?d%g%iypq@ Rgredtd RFhsH GHittela Bithetd) THOWDagd Mil fRy@Inc} oK Nov

26; 294( 2) 65, using the prinmers LMB3 and pHENse Sequence anal ysi s
reveal ed t higminiptratiop oidls depspd ondiptageafex We?%“ptﬂ'c@, 9%Fheypa&ﬁ%t: CpErent

encodi ng a giiahiSRBE dflcther MR O intliRdicHRns GROS@Er hRkmbts!tB e tinkinfoF! gur e
3). 15 Exanple 2. Characterisation of the binding properties of the K8

anti body. Riceemt Yy thelginigiandi ng properties of the K8 anti body were
characterised by the nonocl onal phage ELI SA. A 96-wel| plate was coated
with 001 of HSA and (3-gal alongside with alkaline phosphatase (APS),

bovi ne  ser uFhedigoudsiaf tiBBApntiopesambe lyaplylisadi for storags anszpenssidioted mia eyitablenr one ¢

(to chegk for.crass-reactivity).at cen i i.Dq P ni ght
bt Cac e B afbnid RS el et taYCH SEARCENN Bl Mol GivafibRl" O

Har ri son etimahnpgloh8B6 ) andnatt-kinevrs Gypphitiaitant ards 6@pnstituticai fechmipueh age tessayed
directly. A _standard.ELI SA profqocol .was e Hopgenbho al .., 1991)
usi ng det ecef"i*pi‘?yegf i %Eh’ﬁ 315’3’%&’3 e&/ﬁf’hﬂ?ﬁ? |Jqﬁ)}ﬁ%]ﬁ\{-\lgge %gn?‘gtgg’fogﬁ%n it

speci fi ¢ Kecvatiithishycand&dfte vaiding degtbeshifagtitiody HG#Hvigiossj(é.g.geith sineentidinspl ayed
on the surface of, the e W t.h absorpance . signa reater.than,1..0
(Figure 4) .mﬁ%ﬂ@b@}“ﬁ%ﬁgaﬁﬂgﬁﬁt@&é% g‘}?&“ﬁ% ea?%ﬁsle% th G Q‘%°§eﬂce HSA
and BSAjsar and @%: HRNByROaMShA0 td hitadpited@pdaidio kéMpénsate! 1S not surprising
that K8 anti body recogni sed both of these structurally related proteins. No

cross-reactivity wth other proteins was detected (Figure 4). 30 Secondly,

- the bindi ngriRl8ResLifiGS cBhtainh tKSpr&tht ROMMs ¥ed ck@f iRgedf RartbdMinikisRredoFv
ELI SA.  Production of the solubl'e scFv fragnent was induced Ry | PTG as

described Hyr peephyleesic amsyoratherapquiio depptmengs. JBt SHANNBeRPALE GFPEEEIPRH Fevel s
of K8 sckv ’adétﬂﬁtes ahbileoaRlchipi 28128CHARAN i f%on, suppression, modulation,
. 20 Killing, or some other measurable parameter, of a population of selected cells is defined as
a "therapeutically-effective dose”. Amounts needed to achieve this dosage will depend
upon the severity of the disease and the general state of the patient's own immume system,
but generally range from 0.005 to 5.0 mg of ligand, e.g. antibody, receptor (e.g. a T-cell
receptor) or binding protein thereof per kilogram of body weight, with doses of 0.05 to
25 2.0 mg/kg/dose being more commonly used. For prophylactic applications, compositions
| containing the present ligands or cocktails thereof may also be administered in similar or

slightly lower dosages.

Treatment performed using the compositions described herein is considered “effective” if
30  one or more symptoms is reduced (e.g., by at least 10% or at least one point on a clinical
assessment scale), relative to such symptoms present before treatment, or relative fo such
symptoms in an individual (human or model animal) not treated with such composition.

Symptoms will obviously vary depending upon the disease or disorder targeted, but can




super nat ant of 50nl inductions using Protein A- Sepharosé corumts

descri bed by Harl ow and Lane, Antibodies: a Laboratory Manual, (1988) Cold

Spring Har @i w00éde2d® was then neasured and the protei npERORBR T2k ON
cal cul ated as described by Sanbrook at al., (1989). K8 scFv was produced in

supernatant 5 at 19ng/l. A soluble scP¥ ELI SA was then perforned using

knoun ConCe S0 e By B 905 SR A5
| g/ M concesiessticd Ofbr caliiple) by ivRitesdd ik Il aftone nsmofe HiocHehécaKthdkafors vfas
applied and _the bound_anti bod r nts were detect with Protein L- HRP.
ELI SA resul 18 H5aT ?fn@&fﬁﬁf%%a[evglggﬁm Enzﬁ%?ﬁﬂremﬁtf‘bcﬁﬁ% ¢ Qﬁtﬁ?ivﬁ@d ®(Fi gure
5). To conf jcdakd Natectl NEHIN GufnBerk,3 w&3) Ufysmaﬁmfn@i pegiday hisfeMiticdiengigay and

o

bi nding to HSA/BSA by the VH domain the K8 scFv anti body, the VK domain
was cut dut inflammations i sizry AT by 2apqeptRe chinieal gesessmsnt seals: for g3amRlei nto a

Sal | [Not] ding GbehoR IRaHUAS st SORA(] RAIHNTIIEARIC IR Bibbiaisadryand 2)

Bi ndi ng char ristics of the resulting clone KSVK/ dummy VH were anal ysed
by sol ubl e Bewsl Discag/Quadtionnaire (Ihpaint ashrssmant gyaleatessamlityf ofdifpranthgespaet

i nduced by ] P CL] i - 9| _ :

super nat ant 1!o(b ggfﬁfié%cn%g’l é{%tﬁlgﬁss?é@sﬁ%%és%%gﬁé?@e%g |e§”?’8%g‘?l S%Qg Tgc ?/mE%GISSA was
per f or med 2foma$2 ded2y; withdhigher Soaeyihdicating pdetitrarubliyrod life)Fthe Queliy afdifect ed
with Proteip L-H The. ELI SA results .reveal hat_t hi I still
bl o t ot nirepega AR Sl By Rty Pt FHER S b led Sl (0G0 g
Exanpl e 3. f&d.edA isusfaindd @igngdre d4y clommien peefdriliiy dorgsr) antudgiendn Alisaesg & and
single 25 VK domain anti bodi es djrected agai nst. antigens C.and D, This
exauple desHRIIB S P REREE. 1o P S Terpr By SER FHBER Sieb ot ed
agai nst ant ingigfsre Af Sdffbelired Midatiiend | Smilkely prophiladinpérbamhice asiflf b ecipubitdpai nst
antigens C and %Fb?é sel ect | n%r_,ep rtoires of virgin single anti bod%

vari abl e do#fedesdibed rensingi sEfeqiye” Bothe 988 0n SFYeHENY P3P PHROWLSEINEOE t he
conpl enpnt adefayidl i AblFord8smshES relatfe RRAERBRApIGROR a HENIZAGHiV 93 (REnan or

PCT/ GB2003/ 002’8(54 89 Selections and characterisation of the binding clones

i 5. per f or meahirgdl mpdsh) pptieegted it ihe caIrRPsitisRe Exanpl e 5, PCT/ GB 02/ 003014).
Four clones are chosen for further work: 5 VH -Anti AVH

WD 2004/ 003019 PCT/ GB2003/ 002804 '.. 88 fragnents were B'ér]j fi eb%r%()%m t he
as

A composition containing a ligand or cocktail thereof according to the present invention

may be utilised in prophylactic and therapeutic scitings to aid in the alteration,'

-20  inactivation, killing or removal cffa select target cell population in a mammal. In addition,
the selected repertoires of polypeptides described herein may be used extracorporeally or

in vitro selectively to kill, deplete or otherwise effectively remove a target cell population

from a heferogeneous collectio’h of cells. Blood from a mammal may be combined
extracorporeally with the ligalgds, e.g. antibodies, cell-surface receptors or binding

25 proteins thereof whereby the undesired. cells are killed or otherwise removed from the

blood for return fo the mammal in accordance with standard techniques.

I: Use of half-life enhanced dual-specific ligands according to the invention

30 _
Dual-specific ligands according to the method of the present invention may be employed
in in vivo therapeutic and prophylactic applications, in vive diagnostic applications and
the like. ' '




VH2 - Anti B VH VKI-Anti CVK VK2-Anti DVK 10 The proce%rﬁ des fdo%bed
above in Exanples 1-3 nmay be used, in a simlar manner t1vat descrl bed,
to produce dinmer nol ecul es conprising conbi nati ons of VH domains (i.e., VH
VH | i gands)y@mdy@enm nat i ons of VL domai ns (VL-VL | i gangs)y/ceiossumpdoe 4.
Creation and characterisation of the dﬁﬁl specific ScFv antibodies 15
(VHL/ VH2 directed against antigens A a B and VKI/ VK2 directed agai nst
antigens C and D). This exanple denonstrates that dual specific ScFv

anti bodies (VH/VH2 directed against antigens A and B and VKI/VK2 directed
agai nst ant Tigegsutle amiipidphyleiccisbe of dealtsperifyy Lig2@s quesred MgodingatedthyH

singl e dOfTB.I ns .sel ec 12 k
create dual %1811 #5V0 vg&{l? umqi-raﬁoﬁva;fgﬁa%l ac@tﬂhfng%ggtbé ni%v%ltllgg eé )% gl s@éﬂf ‘om
vari abl e Omaminal, ysdbtaen hiur(aEJ]gwiepekjﬁda@nubimehs/ak{bmﬂmgltgﬂwtmmmhamdomngsat ed
into Ncol/Xhol digested. 25 variable damain vector ocreate
VH1/ ‘vari ab"l‘g Ca§ iSPPclngHY i‘fr a%‘a{t‘l\;&g Iﬁiaﬁiﬂl% 8&%&@? it E&ﬁ ?I SPgmftl % om
vari abl e dOﬁ{? Be \dRELEd againks ititgetPhbIBBIISS. t Bor éﬁaﬁ@th,l@edxﬁ&lslbemﬂcem mayiben site
to the 5 end and Nod restriction S|tetoth1e1§§ The r%ﬁt IS
then di gest®6Cifif tfor Soar EPigRss- o008 P4 Whickds %8t i‘fe/ drégR é‘%
variabl e do%lgcﬂ}}/ 6! MowlantiBodiELR! ind/HlinMidadery abiigdal Witk @reat Mvideg Dal-2. 30

VKI / VK2/ vari abl € donain vector 2 is created in a simlar way. The, dual
speci fi ¢ natpasific agibodise cany Alewcibe cxgs-FiRMipe St aHEenKIOr Gremie FX/IGF%“t{ngst ed in

a solubje &t (R 20003019 PCT/ GB2003/ 002804 90
as desclrl be pcr”g‘\'l;#gﬁ% segé@xarrp e 6, PCT/GB 02/003014). Conpetition
ELISA is perforned as’ descrl bed previously (see Example 8, PCI/GB .

02/ 003014) ﬁﬁl i VH 1) C = o] rgérgdofadmehgens A
and B si wl%ggﬁt%f&% '@ !){seMg%tfe o l?Erlld anﬁog(ens 'C and

si mul t aneousd 95%410&:5&32@@% Mefmhed@on sgimigstppéion to a«ma(nmwé,rﬁnldcﬂﬁrtd 04 Qint i gen
A, VH /VH2 ScF VK] F
conpetiti vem‘%ifhv}ecﬁg%ﬁ'%% o mgﬁtt Prﬁge e&gf%{/r?%mé‘@‘\c% ué‘%o\é nno{"n‘gll1 nzlthtf3

anti gensD) mammal is a human. Once purified, partially or to homogeneity as desired, the ligands

may be used diagnostically or therapeutically (including extracorporeally) or in
developing and performing assay procedures, immunofluorescent stainings and the like
(Lefkovite and Pernis, (1979 and 1981) Immunological Methods, Volumes I and II,
Academic Press, NY). ‘
20

The ligands of the present invention will typically find use in preventing, suppressing or
treating inflammatory states, allergic hypersensitivity, cancer, bacterial or viral infection,
and autoimmune disorders (which include, but are not ILimited to, Type I diabetes,
multiple sclerosis, thevmatoid afrthritis,- systemic lupus erythematosus, Crohn's disease

25  and myasthenia gravis).

In the instant application, the term “prevention” involves administration of the protective
composition prior to the induction of the disease. “Suppression™ refers to administration

~ of the composition after an inductive event, but prior to the clinical appearance of the

30  disease. “Treatment” involves administration of the protective composition after disease

symptoms become manifest.




Exanpl e 5. Construction of dual specific VH/VH2 Fab and gﬁﬁé }%Zbﬁfb% and
anal ysis of their binding properties. 15 To create VH /VIgl single
dormain is ligated into Ncol/Xhol digested CH vector (Figure 8) to create

VH! / CH andwdtboséosgtbe domain is ligated into Sall/ NotlpcriGesesimgkoK vect or
(Figure 9) to create VH2/CK. Plasmd DNA fromVH /CH and VH2/CK is used to
co-transform conpetent E. coli cells a& descri bed previously (see Exanple

8, PCT/ GB02/ 1 20 The .cl one co ds is

then i nducedgﬂ?glltﬁ%%wgtems“%ﬁ td% %Eﬁ’]%%ff%h% as Xescﬂ%glggﬁm

pr evi ousl Iy ligonds Inqaomptting dgailCot %ungmﬂﬁ%&e@m apHlablel Mowiaddtob thesteghiingduced

inasimlar i ndi n | of the.produced F b
conpetition® fl'—fll’v%ﬁi‘ i @5@??“633% ﬁ'@é lleﬁ%ﬁcf%ejg f ?rlp(ﬂ gpién%(?ﬁ @“&q Y

02{1 033014) | ?ti’zﬂ @@lﬁﬁ@@ﬁfmqmgsi)sﬂﬂkleﬁ%ﬁteﬁm al. {1908) detvairigi ddMadi Rens A

an si mul t aneous ab is a d C

‘si mul t an®oudhy M Yas‘i%gma Grayis (MG).1s fested 15 H_J rrm%g gqe%ls @0%91/%&6%5619

PCT/ GB2003/ Q012 806519 A chr YHtdiY HRmPmbiel 146108 (1ifdsa0nng i, I(1988) Luh gnmansmd to

antigen A, VH /VH2 Fab cannot bind to antigen B) VKI/VK2 Fab binding is

conpet i ti vedZ\#38h Asdunig is dndieed Heh suscenfjaly W P§t§fu€%hﬁd’ﬁle"tl?P nf Twealti gen
D) 5 Exanpl &113%%{*@@'&91 g@d%ﬂ?fz&v BPusgmRr ¥33H ansheMsy harR-djuimis are

Ccreated in a er-d f'or mat u5|ngerX|bIe pol ypepti de |1 nkers.
* Vect or's - weratheitie tindhcedint suecephiitie tatsiyvdpieetixm qf@ﬂf?ﬁ‘?ac@ﬁﬁlthfﬂ?ﬁhﬁ@( protein has

g1 Yot nesperiung LAkl Gl 11! WAL 110 GryhSes & ndided hfer)

7U; (Gly I brar create ng gw dAbs upstream of
t he 1inker: bdetEﬁﬁmstra(ﬁM)qfmﬁogmnzaawpbemosew% (@Bom\@pem) 1531d a

. of Y SRR RSP O B A 2 s ok B0 A o
: : certain strains of mice such as those described by Kanasawa et al. (1984) Diabetologia,
27: 113. EAE in mouse and rat serves as a model for MS in human, In this model, the
15  demyelinating disease is induced by administration of myelin basic protein (see Paterson
(1986) Textbook of Immunopathology', Mischer et al., eds., Grune and Siratton, New
York, pp. 179-213; McFarlin ez al. (1973) Science, 179: 478: apd Satoh et al. (1987) J.
Immunol., 138: 179).

20  Dual specific ligands according to the invention and dAb monomers able to bind to
extracellular targets involved in endocytosis (e.g. Clathrin) enable dual specific ligands to
be endocytosed, enabling another specificity able to bind to an intracellular target to be
delivered to an intracellular environment. This strategy requires a dual specific ligand
with physical properties that enable it to remain functional inside the ceil. Alternatively,

25 if the final destination intracellular compartment is oxidising, 2 well folding ligand may
not need to be disulphide free.

Generally, the present dual specific ligands will be utilised in purified form together with
pharmacologically appropriate carriers. Typically, these camders include aqueous or
30 alcoholic/aqueous solutions, emulsions or suspensions, amy mcluding saline and/or
buffered media. Parenteral vehicles include sodium chioride solution, Ringer's dextrose,

dextrose and sodium chloride and lactated Ringer's. Suitable physiologically-acceptable




di meri sation on antigen binding was determ ned by ELI SA a% e@n’ﬁ%?%d?)ﬁﬂ udi es
and in cell neutralisation and receptor binding assays. "Dinmerisation of
both TAR1-5 and TART- 27 resulted in significant inprovenent in binding
affinity argh fRubds@bi sation levels. 20 1.0 Methods 1. lpti/Qemoyecggaer ati on
1.1.1 Vectors pEDA3U, pEDASU and pEDA7U vectors were designed to introduce
different linker 25 lengths conpatibl &with the dAb-1inker-dAb format. For

pEDA3U, sense.and anti-sens 73-ba | 190 | n ed
lsing & of od ARG T Re SO0 Raeep Jea iRl ol i pbiEisRan g SR AR
56C--15mi ns, fiéRCtlitkehdrs Ushel) as Nodiutixymiethylmalhdosei pglyvivylpyidalitione,] @edatiifr argl HC1
pH7.4 and cloned using the fol and Notl restriction sites. The linkers
enconpassed?&0€f-y4Ser) units and a stuffer region housed between Sall and

30 Notl cloning sites (scheme 1). In order to reduce the possibility of
nononeri ¢ dAbs being, selected for by phage display,, th uffer, region was
desi gnedt Ollqtqa,gqng%v “é?sdﬁ"l“%@fﬁﬁ gnd guigept re?@ﬁ%%%doﬂecgﬁoﬁée EFﬁgenﬁi’?rg’ane
shift mutat LR Jonfet bdkbe of $GhRPs Aukirdb. PloddfPativiI il BlieS 8EAIHEsd SlhV&S
present. For pEDASU and 7U due to the length of the linkers 28 Decenber

2006 WO 200#t00g0hislspartiotsans sheaimmgents and ort gagys payrisobarresssh ek

ol i go-linke ; | p}gﬁ ; : t18f Egal ed and el ongated using
- Kl enow. Thé(1?? gﬁ%ﬁ%qé\ﬁ/asg t e%&%tﬁcr%?ﬁgg%%g’r}g dl?ges ed using the appropriate
enzynmes before cloning using the Xhol and Not] restriction sites. Linker:

Ncol Xh 3 al | 7y I f : | brary
prepar a 4 onjﬂierﬁégaﬂgstl\%rdﬁ% pr{é en\}n%éiﬁéﬁ %18 ijgg%oeg r?g ?%812& %%55 %@gﬁg{é&&%ﬁé@éﬂﬁoﬁas
cl oned : upst srdarpajfindtioe withather ageats. Thesegalinoluda mariod dhmueetherppauiiodrugst es. VH

genes have exj sting conpatibl.e sites,..however cloni genes i red
the introdu®ft i '@ﬁcqssﬁ? b PEPOEEE P RIS 25 .cm?%}{%lﬂgv\hg{% ach u@?/tégﬂg'y usi ng
nodi fyi ng - P@Rrsidetttat céivosiflohBban includggodatiby ofvaias ggatoaic,or oiliékhgehR 5’

at gt gcgct cgagcegttt gat t'ﬁ]tﬁe?igaln(ri]s c?’f(%hézgr%ée%?in%nﬁggq anplification using a 2 1

in conjunction wi

15
The route .of administration of pharmaceutical compositions according to the invention
may be any of those commonly known to those of ordinary skill in the art. For therapy,
including without limitation immunotherapy, the ligands of the invention can be
~ administered to any patient in accordance with standard techniques. The administration
20  can be by any appropriate mode, including parenterally, intravenously, intramuscularly,
intraperitoneally, transdermally, via the pulmonary route, or also, appropriately, by direct
infusion with a catheter. The dosage and frequency of adminisiration will depend on the
-age, sex é.nd condition of the patient, concurrent administration of other drugs,

counterindications and other paréimeters to be taken into account by the clinician.

25
The ligands of the invention can be lyophilised for storage and reconstituted in a suitable
carrier prior to use. This technique has been shown to be effective with conventional
immunoglobulins and art-known lyophilisation and reconstitution techniques can be
employed. It will be appreciated by those skilled in the art that lyophilisation- and
30 reconstitution can lead to varying degrees of antibody activity loss (e.g. with conventional
immunoglobulins, JgM antibodies tend to have greater activity loss than IgG antibodies)

‘and that use levels may have to be adjusted npward to compensate.




m xture of SuperTaq (HTBi ot echnol ogy Ltd)and pfu turbo (? ba ?U) Thi s
mai ntained 15 the Ncol site at the 5 end while destroyi é z%e

Sall site and introduced the Xhol site at the 3 end. 5 gui d| ng dAbs were
cl oned i nt wEasdoosfiet he 3 dimer vectors: TARL-5 (VK), pd¥d&bzoa3fdoM6) |
TAR2-5(VH), TAR2-6(VK) and TAR2-7(VK). Al constructs were verified by
sequence anal ysis. 20 Having cl oned t @ gui di ng dAbs-upstream of the |inker
in each of e vectors ( AU, 7 TAR TARL - 27( VK) ,
TAR2- 5( VH) @F © FREPOFIMR) Q%P ?‘Plﬂgaﬂgfi Brresenﬁol%aﬂ%pé’ﬁd? ncgo%tgﬁo FGEn BT o

cl oned aft emidieréd Me propholadidiaf¥er tilkrapeutid &rea’@ﬁﬂml i e cdrafy tBidpedibr ari es
were PCR anpl | fi.,ed from phage recovered %ﬁo%ﬁound sel.ections of either

a VK | i br arpliegtianssin ppandie pResnt gy acems! §| Rartial JnbjpfHony; SYBRTETSIQ, 25
after r Oun%oh)na%}%ﬂﬁg%r oY oil dRheadofatdé &h&elgufﬂipdswuﬂxﬁﬁ%fsaéc@ odts or VK

library against human p55 TNF receptor (both at approximately 1 x 105
- diversi By af fefine¢ aun dthetppeuiisaliy-giitive dese”. Pappunts pesderbior Johisys thiy éo%aﬁ‘é

guiding d t

i mere | n 5 e Yo bR Bl oF R SRR hid B8 R e S S
and pfu tudbounsdstembbzeegaijoregair 8i0p5 1of 3.¢ cng,@ hggn@qrrkdﬂgammfiﬂedme cenber
2006 WO 2004/ 03(%%9 PCT/ 5)50:;/ ﬁsﬁé/k@ﬁose ﬁ‘%ﬁéﬂ% Q(% e dS%H
restriction (% eg end of he~gén I rary P%%s

di gest ed \Mptdphylbtﬂmapnﬂmapmsatcenpoeﬂmns antagingthe preest hgmyabembcktaﬂmﬂmtwef
correspondin S. do f ker, using Sall/Notl

restridfi oﬁlag'alsggeﬁcﬁﬂn@%é%% faé%ﬂlgh}tl}h@ge??ésg%e{y prepared conpetent Td

cells. 5 The litres achieved for each I|brary are as follows: TART-5:

pEDA3U = 10 )EDASU = 8x1 DA7 B TART- 27 2x108,
pEDASU =1 ?o@mpagm EPRLAINIpG @ ﬁ°°8f k’%‘ﬂ’me&& e H&EﬁD&Pl{m 33 %108,
- pEDA7U = ackd M%Braﬁeutﬁ@ﬁﬁiés %o 7aidjr>]§1:ﬂ-(ﬂ&n alRdEidal) Inﬂl‘tl?atién,l @lingd BDATU =

2.2x108 1}§2 el ections 1.2.1 TNFa, Sel ections were conducted using human
TNFa passi W%Ya]c‘tféts@lﬁdéﬁg?tr?ﬁﬂﬁ%‘ﬁ E‘Bmﬁlafefly, | munot ubes are coat ed
overnight with 1-4m s of the requi red anti gen. The inmunotubes were then
washed 3 tinmes with PBS and bl ocked with 2%m | k powder in PBS for 1-2hrs
and washedIm afidition cthe Feleriagd sepgricirepms, polpentisies glesaibrd thepin @aygbe e i n

g‘ryd;" 't Eeﬁov\gﬂacb@opﬁﬁz &g )i vhatiRdiyab 11D ABR1EE WP SHRIWIES efitiva) rsmovENE t Ubes
: target cell population from a heterogeneous collection of cells. Blood from a mammal

may be combined extracorporeally with the ligands, e.g. antibodies, cell- surface |

20  receptors or binding proteins thereof whereby the undesired cells are killed or otherwise

removed from the blood for return to the mammal in accordance with standard

techniques.

The invention is further described, for the purposes of illustration only, in the following
- 25. examples. As used herein, for the purposes of dAb nomenclature, human TNFa is

referred to as TAR1 and human TNFa receptor 1 (p55 receptor) is referred to as TAR2.

: Example 1. Selection of a dual specific scFv antibody (K8) directed against human
30  serum albumin (HSA) and B-galactosidase (§ -gaD)

This example explains a method for making a dual specific antibody directed against -
gal and HSA in which a repertoire of V variable domains linked to a germline (dummy) -




washed with PBS and the phage eluted with I nmg/m trypsin- ._Thr
sel ection 20 strategies were investigated for the TAW-S%&%@?@?%@QH es.
The first round selections were carried out in inmunotubes using human

TNFa coat eqy@doodsigdol or 209/ with 20 washes in PBSp@r&facibsnses TGL cells
are infected wwth the eluted phage and the titres are determ ned (eg,

Marks et alJ Mol Biol. 1991 Dec 5;222(8):581-97, R chmann et al

Bi hem st 993 A 31;3 4):8848-55). 25 The tit d. :
DEDAS = 2 W i 4, FrIRCT e Pkt BRauMGE aenote BEGReFERleglo e ©
(1. S9(m TNBliea b QAR Guubily, Bk DR for Bk o18G MEneT Wiktea 710

(20gg/ M TNF). e second round selections were carried out using 3
di fferent metriabld ¥ HSA b Viapagalotonindns, ar@bemensitsnedunt theanéibediegrelected fidvat i on

foll owed by,.a.further 1 s. 28 Decenber. 2006. 0Q4/ 00301

PCT/ CB2003] HHYaBH Lg&al a0 Hﬁﬁ?m’ﬁ ﬁg‘?ﬁg@%{m’%ﬂ’%@ﬂ%? %‘f‘&?&é‘ﬂla}}?}f)"l"a‘r
incubation at RT in wash buffer wth (1 gg/m TNFa) and 10 firther washes.
3. Selection on streptavidin beads using 33 pnoles biotinylated human TNFa
(Hender i | ccFoy hgpan phagesntibagdy lihrenicsvess ussd i B FBEFE nst ~ bi ot i nyl at ed
antigens. 5 Antibody Phage Display : Methods and protocols, Ed. O Brien
and Atkin, Humana Press). Single clones fromround 2 selections were picked
into 96 wellibpahal es @enliengdBVIUYer nat 846 x@0dps were made in 2ml96 wel |
plate format. Round 1 Round 2 Round 2 Round 2 Hunman sel ection selection

sel ection Thibfag} Iun Genmliteod /ANEEVROd 29:68th0d 3 tube coating
concentration pEDA3U 1 g/m 1x10 1.8x10 2.4x10 pEDA3U 20 ml 6x 10 1.8 X

10 8.5 ¥ 10LibREDASU Gemhli® WyDOTN 4 x 1042x80% 10 pEDASU 20 nl 9.5 x 10
8.5.X 10 2.8 x 10 peEDA7TU1 mM 7.8 x 10 1.6 x 10 4. x 10

Library4  Germline Vi/NNK Vi 1.45 x 108

All libraries are based on a single human framework for Vy (V3-23/DP47 and Ju4b) and
Vi (012/02/DPK9 and F1) with side chain diversity incorporated in complementarity

15 determining regions (CDR2 and CDR3).

Library 1 and Library 2 contain.a dummy V. sequence, whereas the sequence of Vg is

diversified at positions H50, H52, H52a, H53, 155, H56, H58, H95, H96, H97 and HO8
(DVT or NNK encoded, respectively) (Figure 1). Library 3 and Library 4 contain a
20 dummy Vy sequence, whereas the sequence of Vi is diversified at positions L50, L53,
191, 192, 1.93, 194 and 196 (DVT or NNK encoded, respectively) (Figure 1}. The
libraries are in phagemid pIT2/ScFv format (Figure 2) and have been preselected for
binding to generic ligands, Protein A and Protein L, so that the majority of clones inthe
unselected libraries are functional. The sizes of the libraries shown above correspond to
25  the sizes after preselection. Library 1 and Library 2 were mixed prior to selections on

antigen to yield a single Vy/dummy Vi library and Library 3 and Library 4 were mixed
to form a single V,./dummy Vy library.

Three rounds of selections were performed on B-gal using V,./dummy Vg Library and

30 three rounds of selections were performed on HSA using Vy/dummy V. library, In the




pEDASU 20 ml Ix 10 8 x 10 1.5 x 1079 10 For TART-27, sel
carried out as described previously with the follow ng ?@fﬁdeﬁ‘% \{'\?(%Oﬁs The
first round sel ections were carried out in immunotubes using human TNFa
coated at lgeieddiod@10209/ M with 20 washes in PBS 0. 1% peporddsnsaecond
round sel ections were carried out in i not ubes using 20 washes with
overni ght incubation followed by a further 20 washes. Single clones from

d |
orops. wer o FRSTPTEORe P Vapdon bf mdp. riierid ity ZDRESRR "ot ant
fol | ows: Bqlﬁg o%%'ﬁ%ﬂ%eo& of‘“ﬁ%&%@é/h %ﬁ%vfﬁ%ﬁﬁ Q%Jf{‘ﬁ%é%f%ét ofdd{N Round

1 Round 2 al nununot ube coat1n EDA3 m 4x 109 6 X 109 pEDA3U

20 g/ 5 x14Q 169Ehﬂie #rd r&E@A@ké Aeleeﬁdﬂs vﬂer@péffoixﬁecﬂ-as%e!cﬂb@d bpéafﬁtu el 3.4
x 10 3.5 x 10 T- 9 pEDA7U 1 6x105x 10_pEDA7U20 Ml 7 x 10 1.4

x 10 1.2 X19%8 reeptrharky13 &swemwpfmc Tapigys Q&IQORTP@WSW% RPEBARuCt ed
as descrd be&eagﬁﬁevélﬁlb%Weeﬁ e P Gnd! PBAmAIs) RhSheASnA 'iﬁh?lge v36re %Mﬁnﬁf

sel ections were carried out 1n | nmunotubes using eifther uman p55 5
TNF r ecept onglofl trypsin it PRS.Ehe adgision NE tyesiteplewies fierHILngotoias g@‘sverlrfranﬁ,w

0. vveen Vil ek bl hBGIPA W gbhagén!ua)ﬂﬁsh HleBodutl SBELpR0 YaIGE Sy S ndl e

cl ones fromrou ns- were ed into 96 pl at és and
crude superdietvage inphepayweag(Figude 2), rthﬁrf‘&ym@@ldmg la fpﬁhﬂtr@nm@mmt fOIJRhaHB-\RZh 5

titres are as _foll pws. und 1 .,h Nt .
rec ept or Iwﬁs&?%ﬁ]gcnongpsc@'vs and aucrroq'respong&lér}gdu]ctlg;? %c]%grmn@(rétengéé&ﬂ\":
10  Winter, Folding & Design 3: 321-328, Jul 9, 1998). Selections were performed using

immunotubes coated with either HSA or f3-gal at 100pg/ml concentration.

To check for binding, 24 colonies from the third round of each selection were screened by
monoclonal phage ELISA. Phagé particles were produced as described by Harrison et al.,

15  Methods Enzymol. 1996;267:83i109. 96-well ELISA plates were coated with 100pl of
HSA or p-gal at 10pg/ml concentration in PBS overnight at 4°C. A standard ELISA
protocol was followed (Hoogenboom ef af., 1991) using detection of bound phage with
anti-M13-HRP conjugate. A selection of clones gave ELISA signals of greater than 1.0
with 50ul supernatant.

20
Next, DNA preps were made from Vy/dummy Vi library selected on HSA and from
Vy/dummy Vy library selected on B-gal using the QIAprep Spin Miniprep kit (Qiagen).
To access most of the diversity, DI\E{A preps were made from each of the three rounds of
selections and then pulled together for each of the antigens. DNA preps were then

25 digested with Sall/Notl overnight at 37°C. Following gel purification of the fragments,
Vi chains from the Vy/dummy Vg library selected on B-gal were ligated in place of a

dummy V. chain of the Vy/dummy Vi library selected on HSA creating a library of 3.3

- x 109 clones.

30  This library was then either selected on HSA {first round) and B-gal (second round),
| HSA/B-gal selection, or on B-gal (first round) and HSA (second round), B-gal/HSA




coating concentration peEDASU 1 m 2.4 x 10 1.2 -X1 0 1.9 10 3U |0
g/m 3.1 x 10 f x 10 1 x 10 pEDASU 1 ~iglm 2.5x10 1. 1x 1§ Bycery EDA5SU
10 M 3.7 x 10 2.3 x 10 2.9 x 10 pEDA7U 1 g/m 1.3 x 10 1.3 x 10 1.4x 10
PEDA7U 10 R¥o Joofo%0130 1.9 x 10 3 x 10 1.3 Screeni ng Speghrpiepas from
round 2 or 3 selections were picked frog:p each of the 3U, 5U and 7U 15
libraries fromthe different selections nethods, where appropriate. C ones
were grown i WMol L€ lgbdeti C ' at
370 A 11100 T it ek NP pE R of Uicelbe i o SRR I LB T
wi'th 100g/ mroundpi&célphdsiwera destd1Rs byldingowelS A @diB-220 Gyvibt Imploealbealfhagat and

grown at 37 ] ' 00 ) C er 06 2004/ Q 9

PCT/ GB2003/ %@%ﬁa‘ﬁgﬁ%ﬁ%@r 8% P%‘}/@Yo‘?zlg[.sgeﬁfg{ﬁguﬁ‘%‘%?ee S%\S/\gﬁ’éﬁ%ﬁ' r%ﬁg’i‘ﬁ Wit h
1nM | _PfTG Ov_anﬁiﬁoghtﬁaglgleﬁ@@ere prbducsd pe deradivudtis Haﬁ?ncﬁr at.] {loeeh, Byd ?tandard H

centrifugati t r or mns in a sor ate _centrifuge. e

super nat ant EE‘E%%QK@WQPW%%E;HPWP&%QWWE?“%6’?@Z&igﬁg N%le_‘ﬁ‘? QCPS%LGFS?B?W&' ng

cactivity of eddefRhhi% TReEIPBRR S Ne@hfh BRcMAS bERRAd Béhnk QcIFRRAIE Hetbedr Ot €I N
Al'L ELI SA or by antigen ELISA. Briefl 96 wel Ieeé)l ate is coated wth

. a
antigen or vihdweiein LAHRP oltseslenes (Bd: %@d’ﬁﬁbﬁymﬁ SiPresd selpation endses

Tween- PBS, ﬂg? i d D129 AT - anple is added to the
plate i ncubgiog‘%k(ggragﬁkﬁrg a F%Moéng%]é{q%%%ﬁgfﬁ%g -aﬂ_ ﬁ% ISH]%P fgl a‘lmsslgevr\llfﬁ'ssrﬂJ & and
i ncubat ed wificin thése chmeowed@BCR eapiiidd dndrsefplencedtas deaoibed Bypeiattvicher alhe

plate is_ wa e v strate. Protejn A L- | or

Jndi a- HRP @@S%sﬁgﬁ%églogqéggﬁﬁﬁ%%gﬁé%& UEgE &*&rﬂ%eéﬁf%@?ﬁ%esm i gen
clz onc gunt rati Sﬁtﬁlemeﬂlay}@fsa‘eﬁ@ldﬁ thhtnz_zlg!aﬁnés) ng {mﬁticENFlale?dif@i'e,g e NonkHiforice c ept or
. to t J t t

posi 41 ve. L FSASHES GH gt OPeRAKE) Bt aroBT BN AR ( e exam ned by
Bl Acore. 1.3.2 Bl Acore Bl Acore anal ysys was conducted for TART-5 and

TAR2h-5 cl ones. For screening, Human TNFawas coupled to a CVMb chip at high
density (approxi mately 10000 RUs). 20 50 | of Human TNFa(50 g/ m) was.

coupl ed 150 EREnER2PCRAraeRlsMidh dftfbRfipSHrEPEHEY of the K8 antibody.

Firstly, the binding properties of the X8 antibody were characterised by the monoclonal
phage ELISA. A 96-well plate was coated with 100pl of HSA and B-gal alongside with
alkaline phosphatase (APS), boVine serum albumin (BSA), peanut agglutinin, lysozyme
20 and cytochrome c (to check fbr cross-reactivity) at 10pg/ml concemtration in PBS
overnight at 4°C. The phagemid from K8 clone was rescued with KM13 as described by
Harrison et al., (1996) and the supernatant (50pi) containing phage assayed directly. A
~ standard ELISA protocol was tfollowed (Hoogenboom et al., 1991) using detection of
bound phage with anti—M13-HRi’ conjugate. The dual specific K8 antibody was found to
25 bind to HSA and B-gal when displayed on the surface of the phage with absorbance
signals greater than 1.0 (Figure 4). Strong binding to BSA was also observed (Figure 4).
Since HSA and BSA are 76% homologous on the amino acid level, it is not surprising
that K8 antibody recognised both of these étructui‘ally related proteins. No cross-reactivity
with other proteins was detected (Figure 4).
30
Secondly, the binding properties of the K8 antibody were tested in a soluble scFv ELISA.
Production of the soluble scFv fragment was induced by IPTG as described by Harrison
et al., (1996). To determine the expression levels of K8 scFv,' the soluble antibody




pH5. 5. Regeneration of the chip follow ng anal ysis using e sta d
nmet hods is not possible due to the instability of Hunanzg’%ﬁ%e,mtbteﬂ%ﬁéfore

after each sanple was anal ysed, the chip was washed for 10m ns with
buffer. FokydARI3019C! ones supernatants from the roundp@r/&8lcegdobsen were
screened by Bl Acore. 25 48 clones were screened fromeach of the 3U, 5U
and 7U libraries obtained using the f &% 1 owi ng selection nethods: R : 1g/m

R 20g m s skl Bl n TR O SE ERNE, MRS 750

- over ni ght wasgharoR colligisnds deserived BiNEarlownmd baneh dntiRA183 a frabdretorsbMatuahy | at ed

human TNFa R1: / human .. TNFa i not.ube, R2 33 | es

bi ot | nyl at e doRBRERTRELE SERE. Chustaia fitr nobhR SHo D6 5Aop 0Tgmmaon

'PCT/ GB2003/ Aesc S600 u ; led to
a CVb chip g%aﬁ?qédha%gg%@%%ﬁf?appr @gftr?‘g'f glgsg )E)lgg(’)sa-%‘gj)éseﬁ?g%&ﬁ 1%‘%5?]13% p55
TNF rece@toﬂtl@IQ%QIM) was coupled to the chip at 50mn in acetate buffer
- pH5.5. Standard regeneration conditions were 5 exam ned ( glycine pH2 or
pH3) but in each case antigen was renoved fromthe surface of the chip

t herefore ad wilthle $HFaELISYevel dhen pbtfamed achgslamyine comgenteatiahsy sEdhe Ki8e chi p

Found 2 sel BEppdn Rl o it aievat oRGL i WOLEPE B IO ERAR 81 e
3U, 5U and nggﬂﬂb&ﬁrﬂo@m ofusibiefh Ahe 1{1%41 QWicBRiratibh. SRM OF theORriMelingsss ofRi

| g/ M human 5 TNF recegt or i nmuno e, R2 Ig/m hunan §55_TNF receptor
i-munot dbe, thekSsaTtes appkied ardithe boygd antitodyfiaspens wre detestesp ot Brofsindot ube,

R2 | Opg/ m ﬁﬁ%@%ﬁe&h’gco ;%ﬁg:gﬁgﬁuﬁl@g%mtﬂéﬁﬁe oﬂﬁgﬁgiagﬁﬂodﬁﬁﬁ%urejﬁ 1.3.3

Receptor an says T ity of the diners to neutralise’in the
receptor assay was conducted as follows: Receptor binding 20 Anti-TNF dAbs

were tested.for the abilit 0, nhi.bi,t. the bindj nq,of, TNE t econbi nant
TNF recept 3F° fo?gﬁg’sfhfapgmdﬁgi %P BT‘?&Eilssg?'ﬁ”'fl"cgt g%m%%éc g na?“@df)%lvegnﬁoght
wi th 309/ Miga/BsA by the Vy domain ofthe K8 scFv antibody, the V. domain was cut out from

15 K8 scFv DNA by Sall/Not/ dig:astion and ligated into a SalZ/Not/ digested pIT2 vector
containing dummy Vyy chain (Figures 1 and 2). Binding characteristics of the resulting
clone K8V /dummy Vy were analysed by soluble scFv ELISA. Production of the soluble
scFv fragments was induced by IPTG as described by Harrison et al., (1996) and the
supernatant (50p) containing scEvs agsayed directly. Soluble scFv ELISA was performed

20  as described in Example 1 and the bound scFvs were detected with Protein L-HRP. The

| ELISA results revealed that this clone was still able to bind B-gal, whereas binding to
BSA was abolished (Figure 6). ;

Example 3. Selection of single Vg domain antibodies antigens A and B and single

'25 Vi domain antibodies directed against antigens C and D.

This example describes a method for making single Vi domain antibodies directed
against antigens A and B and single V. domain antibodies directed against antigens C

and D by selecting repertoires of virgin single antibody variable domains for binding to

30 - -these antigens in the absence of the complementary variable domains.




anti - human Fc nouse nonocl onal anti body (Zyned, San Fr an%%%gdmblgr n The
wells were washed with phosphate buffered saline (PBS) containing 8 05%
Tween-20 and then blocked with 1% BSA in PBS before being incubated with
| 00ng/ M T JeeHeBs9r 1 Fc 25 fusion protein (R&D Systprmgeibiveeapol i s,

USA). Anti-TNF dAb was m xed with TNF which was added to the washed wells

at a final concentration of I Ong/m. NF bi ndi ng was detected with

0.2mg/ M Dbi ai t [ ' i Uben,

Net her | ands;'}jte*eg?{%n%\ﬂagg c%écim}#ﬁ)g%gh{g ﬁﬁﬁhﬁg&d&h’ro@# hsﬁ)g?gfe}ﬁ%a :&g ciJigée[dr oxi dase

| abel | ed sprewptshyisde Bxdmyies, ACAUGBI03SHOBEIHE.dour tiades arecchpseardfor faghérat i on with
TMB substrate,(KPL, 30 Gaithersburg, USA). The reaction was stopped by the
addi tion ofw% and the absorbance was read at 450nm Anti-TNF dAb -
activity lead to a decrease in TNF binding and therefore a decrease in
absor bance %gp%ajr E.d ngth the TNF only control 28 Decenber 2006 WO

2004/ 003019 / 31002804 98 1929 Cytotoxicity Assay Anti-TNF dAbs

were al so tgﬁ&ggﬁgﬁ?vge ability to neutralise the cytotoxic activity of
TNF on nouse L i bt obl asts (Evans, T. (2000) Ml ecul ar Bi ot echnol ogy

15, 243-248Yyk1 -Brdtafhy., L9929 cells plated in mcrotitre plates were

i ncubat ed overnight with anti-TNF 5 dAb, 100pg/m TNF and | ng/ m

acti nonyci nVE2 (3umiria V,Pool e, UK). Cel! viability was measured by reading
absor bance at 490nm followi ng an i ncubation with [3-(4,5-

di et hyl t hi azol - 2-yl ) -5-(3- car bboxymet hoxyphenyl ) - 2- (4- sul fophenyl )-2H-tetr
azoliu (R ' : PN g@t% |\ Safadn Crease
in TNchoyt oﬁ%&’? %%F@Jé@géﬁ%ea?é{%? gﬁ‘%ﬁr}& 1|Bsn{(?lr§ea ee?l%édé%fs%)r gnce cglﬁ%atgﬁ_d with
t he TNF onldesaibed,rtolprodii€e dimet meletuléstdomiprisig eembingiope pfi¥s demainpliepdiued f or

Bl Acore anal,ysi s, .described above. were sp_used in the receptor assay.
Furt her anzaaY'\}@FFaélﬂ@fan 8?13'5'?%(5158?&P%m%(vd'lg{gbﬁ%ag§§0ct ed in the receptor and
cel|l assays using purified proteins. 15 HeLa IL-8 assay Anti-TNFRL or
anti-TNF al pha s were tested for. the iljty to, ral j.se.t he
“induction xaﬂﬁé\g's@éﬁa@?? Bﬁswr‘ﬁ{lﬁ"f“ﬁ" ?ﬁ‘%@#%"eﬂ’rﬁﬁﬁﬁ aﬁ%@?ﬂ’%sd from t hat
of Akespn, (VlHlfﬁI-IZQiire(:ﬁbﬁ%EAinM&i@@is A imBBAUNAWK VKO difdcsdd agathiél,

30517- 30523, describing the induction of IL-8 by IL-1 in HUVEC, here we

| ook at incﬁ?&'@F’bﬁFB&‘dﬁﬁﬁan TNF al pha and 20 we use HelLa cells instead of
the HUVEC cell line). Briefly, HeLa cells plated in mcrotitre plates were

i ncubat ed overnight with dAb and 300pg/ml _TNF. Post_incubation_ the
super nat antThipexempls demorsfraypihat deal sesciile SRy anthodies (YR MY 2dires15d 384R%r ed vi a

a - - antigens A and B and VK1/VK2 directed against antigens C and D) could be created by
20 combining Vy and Vg single domains selected against respective antigens in a ScFv

vector.

To create dual specific antibody VH1/VH2, VH1 single domain is excised from variable
domain vector 1 (Figure 7) by N&oI/XhoI digestion and ligated into Neol/Xhol digested
25  variable domain vector 2 (Figure 7) to create VH1/ variable domain vector 2. VH2 single
domain is PCR amplified from variable domain vector 1 using primers to infroduce Sa/l
 restriction site to the 5° end and Nosl restriction site to the 3’ end. The PCR product is
then digested with Sall/Nof] and ligated into Sall/Noil digested VH1/ variable domain
vector 2 to create VH1/VH2/ variable domain vector 2.
30
VK1/VK2/ variable domain vector 2 is created in a similar way. The dual specific nature
~ of the produced VH1/VH2 ScFv and VK1/VK2 ScFv is tested in a soluble ScFv ELISA.




sandwi ch ELI SA (R&D Systens). Anti-TNFRL dAb activity Ie%gl)to dg rease in
IL-8 secretion into the supernatant conpared with the T ﬁ?r@’eﬁ rol. 25
The L929 assay is used throughout the follow ng experinents; however, the
use of thewdbioobdn8 assay is preferred to neasure anpdrdhofssept or 1
(p55) ligands; the presence of nouse p55 in the L929 assay poses certain
limtations in its use. 30 1.4 Sequence%anal ysis Dinmers that proved to have
interesting fr ! i tQr assa reens were
sequenced. - ScuRaeetPEvibiy N8 BRLE RVeh R S Qi B B B per 2006
WO 2004/ 0030a®rReY ACR2GURA pE2RAdy 9@e ExabplE 8y PETAGENGR/003614). TARI - 5-19 di ners
The TAR1-5 diners that were shown to have good neutralisation properties
were re- formatted and anal ysed in the cell and receptor assays. The TART-5
gui di ng dabPustble dutcwrlzst i tuted with the affinity matured cl one TART-5-19.
To achi eye thi -5 was c| gned out of the jindividual dinmer pair and
subst i tu?ed'\%fﬁ%ﬁ%‘-’&%?ﬁﬁﬁ apugenp Acand Basﬁ’BPﬁtan%‘H%y PCR I n addition,

TART- 5- 19 ho/OOVERISSFWR dBleith 5R1d GRS @%&qb_éhﬁul‘tﬁ@{)% 5U and 7U vectors.
The N termnal. copy of the gene was anplified by PCR and cl oned as

‘descri bed aboVEVHAFCFhRInNg i sormatitivrdaen baginintigas AcVERAFH2S¢ 1y exi sti ng
Sal | and lomh@indtgehiigentd)on sites. 1.5.2 Mitagenesis The anmber stop codon
present in dAb2, one of thé Cternminal dAbs in the TART-5 diner pairs was
mut at ed to Y KAScRebgingiscemppiitinet(aiembauad inusigen CI8KY/VKBS@Eabs The

di ners wnt%t@&dﬁgaé%gra; TART-5-19 were re-formatted into Fab

expression vectors. re cloned into expression vectors containing
either the CK or CH genes wusing Sfil and Notl restriction sites and

verified by | ysi T i.5.20 ' froma pUC based
i ci 111 RGeS ol ot anhf el LT P ra PELAR BT IRE Rcve

chl or anpheninabysisrof theitt bintlinggeoprtiessor Fab expressi on the dAb- CH and dAb- CK
constructs were co-transforned into BB2151 cells and grown in 2xTY
containing 0.1% glucose, 100gg/mM anpicillin and 10 tg/m chl oranphenicol.

25 1.5. 8 HiTogeeats WHINGEL Fab) VH1 single domain is ligated into Neol/Xhol digested CH
vector (Figure 8) to create VH1/CH and VH?2 single domain is ligated into Sa/l/Notl
digested CK vector (Figure 9) to create VH2/CK. Plasmid DNA from VH1/CH and

'VH2/CK is used to co-transform competent E. coli cells as described previously (see
- Example 8, PCT/GB02/003014).;

20

The clone containing VH1/CH and VH2/CK plasmids is then induced by IPTG to .
produce soluble VH1/VH2 Fab as described previously (see Example 8, PCT/GB
02/003014).

25 VK1/VK2 Fab is produced in a similar way.

Binding properties of the produced Fabs are tested by competition ELISA as described
previously (see Example 8, PCT/GB 02/003014).

30 Possible outcomes:
- -VHI1/VH2 Fab is able to bind antigens A and B simultaneously
-VK1/VK2 Fab is able to bind antigens C and D simultaneously




D nerisation of dAbs via cystine bond formati on was exam’zgi)d. A s%rat
sequence of anino acids EPKSGDKTHTCPPCP a modified for m2oftW®ehtitin 1 gact
hi nge was engineered at the C termnal region on the dAb. An oligo |inker
encodi ng f g dobifzersequence was synt hesi sed and anneal pdycRfosiRssii bed
previously. The |inker was cloned 30 into the pEDA vector containing
TARL-5-19 using Xhol and Notl restricti®n sites. Dinerisation occurs in

situ in the i . Expressi. o n rification er 2006 WO
5004/ 003019 Ny BB e B e iERt ¢ e 14 fo aniigen %u‘égﬁfn‘%ﬁ% it
prepar ed i nbindao aigen Bp-wel | plate format for the initial screening as
descri bed preyi I Fallawing the initial screeni sel ect ed

i mer s vier 6 VARG 2R brimeerohsiae ivhen he 6 ratein e VR Badcanicrr opr o
or HB2151 ceinkigo afighh Bupernatants. Briefly, an individual colony froma
freshly streaked plate was growmn overnight at 37C in 2xTY with 100g/ m
anpicillPn and 1% gl ucose. A 1/100 dilution of this culture was inocul ated
into 2xTY Wgkhmbreeog/ M anpicillin and 0.1% gl ucose and grown at 37C

shaki ng unti | 00 was approximately 0.9. The culture was then induced
with 1nM | PTG overni ght at 30C. The cells were renoved by centrifugation
and the to : rified with protein A or L agarose. Fab and
cyst ei ne hi ﬁgggﬁﬁégm@% expressed as periplasmc proteins in HB2152
cells. A 1/100 dilution of an overnight culture was inoculated into 2xTY
with 0.1% %Mﬁﬂéﬁr and the appropriate antibiotics and grown at 30C shaki ng

unti | 00 was -approximately 0.9. The culture was then i nduced with 1nM
| PTG for 3-¥YHhendt ¥Kathooeliméss deecredbd dn ve ddbHakeredAle dohyat cwesidgr iflbxiblet i on

and the pell et resuspend in periplasmc repar.ati on buffe oVt
AT D P pebpeb i GRS Vosk s R RERT B GP Bkerdfhe Yok bt
super nat-ant glyﬁﬁe-feﬁhailiﬁbaifj af dif_fdmg Neghist3U:ESISpHs) M(Gl@?%g}éﬂ ’h@@ﬂqSer)Ihg -
super nat ant_was . har.vest e a n. centrlfugati on, 00|, I ed.
B o PR DA P e n e e e b e o B ke SRS Kkl o
E)rs ot ei nssu1|‘< ;mBEM)pThgaggma;r(MM5(:\rlc)t a%@%%ﬁér%&{]f @%&Elﬁinﬂinél sa&ﬁlaolset _

I gna, S _ex Jned.__FProtein e ed py al C or y_colum el utl on
using a perCP’\Q@&ﬁPﬁ %.Uwé&rﬁﬁﬁ?@ipgveiéwné%%& golepfprl. The effect of
Phosphat e- cdifeddaBod b biftigeR H2nding Was Bt&AMNSHINS BB ASarRNEr AboddMifdidCidagnPH2. 5.

~ The 25 optimal condition was determ ned to be under peristalti cTIpurrp :
~ condi ti ons 4 Erasation auyl yeopiter pnging aseys Dimerisafianef both TARS-S andrlARkat i on
from prot ey AunePinGUntitahGhprovement in binding affinity and neutralisation levels.

20

1.9 Methods
1.1 Library generation
1.11 Vectofs :
pEDA3U, pEDASU and pEDAZU vectors were designed to introduce different linker
25 lengths compatible with the dAb-linker-dAb format. For pEDA3U, sense and anti-sense
| 73-base pair oligo linkers were annealed using a slow annealing program (95°C-5mins,
80°C-10mins, 70°C-15mins, 56°C-15mins, 42°C until use) in buffer containing
0.1MNaCl, 10mM Tris-HCI pH7.4 and cloned using the Xho! and Not! restriction sites.
The linkers encompassed 3 (GlysSer) units and a stuffer region housed between Sall and
30  Notl cloning sites (scheme 1), In order to reduce the possibility of raonomeric dAbs
being selected for by phage display, the stuffer region was designed to include 3 stop
“codons, a Sac! restriction site and a frame shift mutation to put the region out of frame
_ When no second dAb was present. For pEDASU and 7U due to the length of the linkers.




. peristaltic punp conditions using 0.1M dycine pl112.5. 1.6.3 FPLC
purification 30 Further purification was carried out by ﬁgPé"eéﬁ*ng%/%OPs on
t he AKTA Expl orer 100 system (Anmersham Bi osciences Ltd). TART-5 and

TARI -5-19 gygmbHocd@be fractionated by cation exchangepghepitiddgsgoaprhy (i
Resource S - Anersham Bi osciences Ltd) eluted wth a O-1M NaC gradient in

50mM acetate buffer pH4. Hinge diners Were purified by ---- --------
-------- - ---a 2 o-- ---.- 28. Decenber 2006, 0]

pCT) G003/ J60UEh ORI Qiecninge vk dpsmth B0 RS senled nd

Lt d) el ut edeloigated auddngl MideGl. Tigr ddgeatt was BemMiumfedHald dige8ed. uskabgiewer e
purified by size exclusion.chromatograph Si superose 12 (Amersham
Bi osci encesaq_p{cgﬁiatggp%ympsgaﬁqreactlogng %%B%&o%@d%%ef g‘ﬁon $5PBS wi th 0. 05%

tween. Follow ng purification sanples were concentrated using 5 vivaspin
5K cut off goncentrators-(Mvascience-ttd)—2.0 Results 2.1 TARL-5 diners 6
X 96 clones| were picked fromthe round 2 sellecti on enconpassing all the
libraries and to selecti A<Eondi ti ons. Supe¢r nat ant preps were nade and

assayed by aNtdlgmmllitg&iﬁaﬂl IN9ft Bl Acore and in the receptor
assays. In |ELI SAs, Lposi t- -ndi ng clones fwere identified from each

sel ection nethod ahd were/Mistr] buE ed betwe¢n 3U, 5U and 7U libraries.
However, as| the 8uwifding dAb is a$tuisr presept it was not possible to

di scri maatle_between high and low affinity binders by this nethod therefore
Bl Acore 15g@analysis was conducted. Bl Acore analysis was conducted using

the 2ml supernatants. Bl Acore analysis revealed that the dinmer Koff rates
were vastly inproved conpared to nononeric TART-5. Mononer Koff rate was

in the rangﬁl'?i“ﬁ&'}ﬁ%%gf%ﬁ’hed with dimer Koff rates which 20 were in the

range of 10- nes that appeared to have very slow off rates
wer e sel ectBo, Nddrmsml 3agmefcoorspohding th the\guadinlg dAb|vwdsrdotied sipsinaimnef te

sequenced. .ln addit,ion th uper.nat ant s r fo bj.lity to
ottt o VLTt SRR TR MY ST
bel ow) t hathoweudricioniredK igands hemired g atsodactibnlvd wetdbieanstd e@ipmesitee This wilse
results shows, t out of t.he 6_clones obfal here are on 3 different
second dAbsgéﬁ]fﬁ‘%ﬁ’Y uﬁﬁﬁzmﬁ‘hg"w% ng‘g%ﬁt ec%gé:ﬁ%ﬁ%f gﬁ%"a;’ound
nmore than OvVKEhéIRE)S® atgfzcgbicgieestitpdit 3”)dnf30asveles of PORtdinplifiodtivhising a 2:1

mixture of SuperTaq (HTBiotechnology Ltd)and pfis turbo (Stratagene). This maintained

15 the Ncol site at the 5° end while destroying the adjacent Sall site and introduced the
Xhol site at the 3’ end. 5 guiding dAbs were cloned into each of the 3 dimer vectors:
TARI-S (VK), TARI-27(VK), TAR2-5(VEH), TAR2-6(VK) and TAR2-7(VK). All

constructs were verified by sequence analysis.

20  Having cloned the guiding dAbs/upstream of the linker in each of the vectors (PEDA3U,
SU and 7U): TARI-5 (VK), TAR1-27(VK), TAR2-5(VH) or TAR2-6(VK) a library of
corresponding second dAbs were cloned after the linker. To achieve this, the
complimentary dAb libraries were PCR amplified from phage recovered from round 1
selections of either a VK libtary against Human TNFo. (at approximately 1 x 10° diversity

25  after round 1) when TAR1-5 or TAR1-27 are the guiding dAbs, or 2 VH or VK library

| against human p55 TNF receptor (both at approximately 1 x 10° diversity after round 1)
when TAR2-5 or TAR2-6 respectively are the guiding dAbs. For VK libraries PCR
amplification was conducted using primers in 30 cycles of PCR amplification using a 2:1

mixture of SuperTaq and pfu turbo, VH libraries were PCR amplified using primers in




30 TART-5d1: 3U linker 2nd dAb=dAbl - 1g/m Ag irmunotub? r(b ntig%go was h
TART-5d2: 3U linker 2nd dAb=dAb2 - |g/m Ag i mmunotube o é

TARL-5d3: 5U linker 2nd dAb=dAb2 -1g/nll Ag innnunotube over ni ght wash
TARL- 5d4: Sb bdokRb192nd dAb=dAb3 - 20g/ m Ag i nmunot ubgcfp¥gsdasaRtswash 28
Decenber 2006 WO 2004/003019 PCT/ GB2003/002804 102 TAR1-5d5: 5U |inker
2"a dAb=dAbl - 2099/n1 Ag i munot ube oV8rni ght wash TAR1-5d6: 7U |inker

2"d dAb=dAbl ube. o 6 | ead
cl ones were %rggrrﬁo ﬁ‘gﬁodfl% ‘?‘ﬁ‘@%&f’hi’%f‘% ergp%?)% uwg%l BF %‘f %@f’agéﬁ%’-fr and
super nat ant wepamﬂgéstaﬂwvthib pfpRdpRiate testtighdroerymes] lipudiinedhe Roirbposidthd and
receptor assa The | evel s o neut ¢ al were variable (Table 1). The
oLt I condPiT oW GHeRH G dhe G B oA (PSS a0 clepiraatind
produced fr e HBshlpdr {g&d@ nibstefURST Balsant s gave the hi ghest yield

(approxi mately 10ngs/ of culture). The supernatants were incubated 10 with

protein B agarose for 2hrs at room tenperature or overnight at 4C. The

beads were m@g@gsdacme{,gafgﬁé[cﬁlﬁgmﬁgamgg@g onto an FPLC columm using a

peristaltic punp beads, weré washed_w th 10 col ymm vol unmes of PBS/ NaCl

and el uted W@PEWL&T#M PERASE = BrLOGaFEMU =dkHBri c protein is el uted
after the RT, S Ledipy FPLC. Three

speci es vve;rg tai Hé@AI@ %%ﬂé %}S%Hgﬁ cgﬁ;ﬁ) Wer%11 I dentified by SDS

- PAGE. One sﬁé&Zhﬂﬁ pEDAéHpUhdIQ pEDABHoNZK IQ%QEDAﬁBﬁﬂ@"r two species _

corresp J e e two species is
possi bl 38dueh&%gtsﬂgﬁﬁﬁggéﬁc%d§f’ %b ?rUrzn Ealx lladé’?%r%sg #d(’)at ei ns were

examned in the receptor assay. The data presented in tabl e 1 represents
the opti rrurlrgq%élﬁs 20 obtained fromthe two dineric species (Figure 11)
The three ské Ms fromthe diner pairs (ie, dAbl, dAb2 and dAb3) were
cloned as gonomers and exam ned by ELISA and in the cell and receptor
assay. Al three dAbs bind specifically to TNF by antigen ELISA and do not
cross r eactSWQﬂﬁnw%@ icon@ctegSingandumas THFe mapsive m@ﬁ@tegfont Fremgpefubes.

neutral Lse ce

TARL. b 18- vt dufifidonts hEERERVERARN tyie b SRV e bR Phe
- TART-5-19 uhimsymetubes wetehiberc whihed A dimescwifit BBS ascthlpskada&ﬂta%du&tmchs img

_ _total pr ot rokein {1 ed. onl v her (Tabl e
' TART- 53%% ‘Pral(r)\%ﬁsrﬂ‘i@éf‘-"’%%%%g gjg%@%ﬁg\eﬁéﬁﬁ}%?@ y S"gﬂt‘%ﬁ 1%1 ‘g‘ el |
: assay t hi s2%siilk gosidst @rHBSvrdhindubeted et ephotenpasye for Qhtst The tubes are then

washed with PBS and the phage eluted with 1mg/ml trypsin-PBS. Three selection’

20  strategies were investigated for the TARI-5 dimer libraries. The first round selections

were carried out in immunotubes using human TNFo. coated at 1pg/ml or 20pg/ml with
20 washes in PBS 0.1%Tween. TG1 cells are infected with the eluted phage and the titres
are determined (eg, Marks et al'J Mol Biol. 1991 Dec 5;222(3):581-97, Richmann et al-
Biochemistry. 1993 Aug 31;32(?#4):8848-55).
25 '
The titres recovered were:
pEDA3U = 2.8x10" (1pg/ml TNF) 1.5x10® (20pg/mITNF),
pEDASU = 1.8x107 (1pg/ml TNF), 1.6x10° (20pg/ml TNF)
PEDA7U = 8x10°% (1ug/ml TNF), 7x107 (20ng/ml TNF).
30
The second round selections were carried out using 3 different methods.
1. In immunotubes, 20 washes with overnight incubation Ifolll_owed by a further 10 -

washes.
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For TAR1-27, selections were carried out as described previously with the following

modifications. The first round selections were carried out in immunotubes using human

- TNFa coated at 1pg/ml or 20ug/ml with 20 washes in PBS 0.1%Tween. The second

round selections were carried out in immunotubes using 20 washes with overnight

incubation followed by a further 20 washes. Single clones from round 2 selections were

picked into 96 well plates and crude supernatant preps were made in 2ml 96 well plate

format

TARI1-27 titres are as follows:




WO 2004/ 003019 PCT/ GB2003/ 002804 104 were sequenced, 39 f t hese ({bg

uni que second dAb sequences. The 12 dimers that gave thé l?@g?m h1%Bi t ory
properties were anal ysed further. The 12 neutralising cl ones were expressed
as- 200mL sypesdgbdsb Preps and purified on 5 protein perEBRSSocMRNE
assessed by protein L and antigen ELISA Bl Acore and in the receptor
assay. Strong positive ELI SA signal s vve9r5e obt ai ned in all cases. Bl Acore
anal ysi s reyeat-ed af+\ es—t6 have—fast-on-ang—off—fates—Ihe off rates
were inmproved conpare rmnorrerl c 'Ilé/?ﬂ}ilfdg howe¥24 2t he offf rate of

TAR -27 diefers was fas$ El‘él} IARERubes (appr oxi mately in the rarge of 10-1 and
10' 2M thanlthe TART-5 H@aémgﬁQn%xam ed 10 previ nuqlv (Koff jls
appr oxi mat 4PEDA3Ut he rldmghnlof 10-3 -[484R . Thd &2 4®i | ity of] the purified
di et ers waq pié8Ui oned 28ng/milher ef or e| $ v 16t der tjat.4 mpdBve stability, the
addi ti on or) pED¥gUycer qliugfa15% Tri t onf X3QQoor 0.|/5% Npg'0 (Signa) was i ncl uded
s J1§P- Addi tion of NP40 or

in the puripEpakuon Ooff 204eARRI- 27 dI T gL3o{d2 @

Triton X104 EDAHBr ovE yretd—of g ed A t—approxji mately 2 fold.
BOth d| ete E Olbbt?l%l.,g/ 11 the (= %B“?l( Ib ”%gomnl\—r 2¥d2 gave |C50 Of
- 30nM under-& urb LR B condi ti bh& LU TART. 2 showed-Ino

neutralisati on effect when purified without the use of stabilising agents
but gave anp, lec’ﬁ@Fm'ECm\M@BSRwoﬁm stabilisi ng conditions. No

further anal yS|s was conducted. 20 2.4 TAR2-5 dieters X 96 clones were

pi cked f r omPELR@IOB: BSFRdcondusted §@|dé&cpb@ﬂ1§reéwewﬁa% menEAB-IZh Stlfpsaricspobir ides  and
| t t
sel ection caiidid dRorGl yRUPEIAL 8y BhARRE GistR UL AR5 O €1 1

A and antigen ELISAS were con eac eres cl ones
wer e -i defit i TNEdeptor hawmghudamjfﬂ‘s-m eseiyr BitH2O rv&shéédﬁ PBSafaTwhat ween

10-2 - 10-3 The 25.s uni eters were
identified %hé’ tc‘élc EP%@L"WE%B aggdlfﬂeriﬂﬁ'fasge iRelec Bf“’é'(tjtjéﬁm &g 2
Purificati omdP smaeudsnsﬁwte ipikeRaE Pb Mell platespad Bruas 'fshlﬂéi'neﬁﬁﬂ Phdok QR% Lald assay
TART- 5d1 HBZ]Q‘Fi Protein + srral | dimeric O 1M glyci ne RA-3OnM FPLC

speci es H2. B ARG sy plqt 3 protein L + small dineric 0.1Mglycine RA-50nM
FPLC species H2.5 28 Decenber 2006 :a..,. .Fa? 1931 00 8 04 105

10 TAR2h-5 titres are as follows:

Round 1 human .| Round 1 Round 2 Round 3

p55 TNF "

receptor

immunotube

coating

concentration : :
pEDA3U lug/ml [24x10° 1.2x 10 1.9x 107
pEDA3U 10pg/ml 13.1x10 7x 107 1x10°
pEDASU | 1ug/ml 125x10° 1.1x 107 5.7x%10°
pEDASU 10ug/ml 3.7x 10 2.3x 10° 2.9x 107
pEDA7U 1pg/ml 1.3x 10° 1.3x 10 1.4x 10°
pEDA7U 0pgml | 16x10 1.9x 10 3x10"

1.3 Screening

Single clones from round 2 or 3 selections were picked from each of the 3U, 5U and 7U
15 libraries from the different selections methods, where appropriate. Clones were grown in

2xTY with 100pg/ml ampicillin and 1% glucosé ovemight at 37°C. A 1/100 dilution of

this culture was inoculated into 2mls of 2xTY Wlth 100pg/ml ampicillin and 0.1%

glucose in 2ml, 96 well plate format and grown at 37°C shaking u1_1ti1 OD600 was




FPLC species H2.5 M TART-5d3 HB2151 Protein L + large di ic O gl yci ne
RA 3oop FPLC species p H2.5 nM TART-5d4 BB2151 Protein ng%seﬁﬁ?‘?er%eri c

0. 1M gl ycine RA-3n FPLC species H2.5 M TART=5d5 HB2151 Protein L + |large
dinmeric O k4 foyose® RA-200 M FPLC ecies 112.5 I'n!  THRT:RERsb8BFEO1
Protein L Large dineric O 1M glycine O +FPLC species H2.5 '"note dieter 2
and dieter 3 have the sane seconddAb (c¥l | ed dAb2), however have different

et 70 e 8, 1 o B R O

part ner dAbsTheSupbensitangd were clatifettby dehbelGigtibh hi 40B0pAN ok $5 RinsGAL sOREigbange
unl ess otherwi se stated. The optinal dinmeric species for each duper

‘obt ai ned by °E§E%‘ CERERAFH BiPS the prdder infiekseyreningy Tabl e 2: TARL-5- 19
dieters Dieter Cell type Puril[icatiou' - Protein Elation conditions Recept
Fraction or/ Cell assay TART-5-19d1 TOPIOF' Protein!. Tow protein

O. I Myl ycitnegt! BLE 15 "nM TA-RI-5-19 d2 (no TOPIOF Protein L Total

pr ot ei n 0. LMigHeicASitPb dinflit B fhanbiBichhs G TN ART- 5. 19d3
TOP30F Pr ot einﬂjll_ %’odtﬁgf Fpr otein O 5P§ i ﬁglsg’%fggpi‘%&g‘?@%%%%& g’fﬁ’_te&%don
0. 05%NP40 MA/E RIS 4 orduyantiepr GEIS £ Briefln A 96- weRLilatp s ichated] wlhMyitigen bel RA- 2
FPLC fracti . - 1 OF' of ein Tqt a
or ot ei n 0. | VaTy 2y neabisniga o b ek sk itk R 036 Tt PR bEUEY T ree o
Prot ei n L Tottl 2% rdreen®BS, | Thybanplads péded. 10 tRAplfe incubated for 1 hr at room

10 temperature. The plate is washed and incubated with the secondary reagent for 1hr at

- room temperature. The plate is washed and developed with TMB substrate. Protein A/L-
HRP or India-HRP was used as a secondary reagent. For émtigen ELISAs, the antigen
concentrations used were 1pug/mi in PBS for Human TNFo and human THF receptor 1.
Due to the presence of the guiding dAb in most cases dimers gave a positive ELISA

15  signal therefore off rate determination was examined by BIAcore.

1.3.2 BlAcore .
BlAcore analysys was ,conducfed. for TARI-5 and TAR2h-5 clones. For screening,

Human TNFoawas coupled to a*CMS5 chip at high density (approximately 10000 RUs).
20 50 pl of Human TNFa(50 pg/ml) was coupled to the chip at 5pl/min in acetate buffer -
pHS5.5. Regeneration of the chip following analysis using the standard methods is not
possible due to the instability of Human TNF, therefore after each sample was analysed,
the chip was washed for 10mins with buffer.
For TAR1-5, clones supematants from the round 2 selection were screened by BIAcore.
25 48 clones were screened from each of the 30, 5U and 7U libraries obtained using the
following selection methods:
R1: 1pg/rel human TNFo immunotube, R2 1pg/ml human TNFo immunotube, overnight
wash.
R1: 20pg/ml human TNFo immunotube, R2 20pg/ml buman TNFo immunotube,
30 overnight wash.
R1: lpg/ml buman TNFa immunotube, R2 33 pmoles biotinylated human TNFo on
~ beads.
~ R1: 20pg/ml human TNFo immunotube, R2 33.pmoles biotinylated human TNFa beads,




nM Tabl e 3: TART-5-19 honodiners 15 Dinmer Cell type purificatiorrl'gorotei n
Fraction Elution conditions Recept or/ Cell assa SUBSEEHIFE 9% ( RULE
26) EDED S-HEEy 28 Decenber 2006 QCTr/G32003-r 00980? ------
----- 13 Oglo 28960361306 honodinter nM CA-30 nM TARI-EC—Q,&BQM,M%M
Protein L Total protein OIMglycine pH2,5 RA-2n honodinmer M CA-3 M
TARI -5-19 7U HB2151 Protein L Total prdfein O IMglycine pH2.5 RA- 10

honodi mer nM CA-15 am TART-5.19 cys H132151 Protei nL+FPLC FPLC purl ed

O I Myl yci nepH2. 5 RA-2n hinge dinmerfraction M TARI-5-19CW HB2151 Protein
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examined ( glycine pH2 or pH3) but in each case antigen was removed from the surface

of the chip therefore as with TNFo., therefore after each sample was analysed, the chip
was washed for 10mins with buffer,
For TAR2-5, clones supematants from the round 2 selection were screened.
48 clones were screened from each of the 3U, 5U and 7U libraries, using the following
10 selection methods: |
R1: 1pg/ml human p55 TNF receptor immunotube, R2 1ug/ml human p55 TNF receptor
immunotube, overnight wash.
R1: 10pg/ml human p55 TNF receptor immumotube, R2 10ug/ml human p55 TNF
receptor immunotube, overnight wash.
15 '
1.3.3 Receptor and Cell Assays
The ability of the dimers to neuntralise in the receptor assay was conducted as follows:

Receptor binding

20 Anti-TNF dAbs were tested for the ability to inhibit the binding of TNF to recombinant
TNF receptor 1 (p55). Briefly, Maxisorp plates were incubated overnight with 30mg/ml
anti-human Fc¢ mouse monoclonai antibody (Zymed, San Francisco, USA). The wells
were washed with phosphate buffered saline (PBS) containing 0.05% Tween-20 and then
blocked with 1% BSA in PBS biéfore being incubated with 100ng/ml TNF receptor 1 Fc

25  fusion protein (R&D Systems, Minneapolis, USA). Anti-TNF dAb was mixed with TNF
which was added to the washed wells at a final concentration of 10ng/ml. TNF binding
was detected with 0.2mg/ml biotinylated anti-TNF antibody (HyCult biotechnology,
Uben, Netherlands) followed by 1 in 500 dilution of horse radish peroxidase labelled
streptavidin (Amersham Biosciences, UK) and thén incubation with TMB substrate (KPL,

30  Gaithersburg, USA). The reaction was stopped by the addition of HCI and the absorbance
was read at 450nm. Anti-TNF dAb activity lead to a decrease in TNF binding and

therefore a decrease in absorbance compared with the TNF only control,
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In the initial screen, supernatants prepared for BIAcore analysis, described above, were
. also used in the receptor assay. Further analysis of selected dimers was also conducted in

the receptor and cell assays using purified proteins.

15  Hela IL-8 assay
Anti-TNFR1 or anti-TNF alpha dAbs were tested for the ability to neutralise the
induction of IL~8 secretion by TNF in Hela cells (method adapted from that of Akeson,
L. et al (1996) Journal of Biological Chemistry 271, 30517-30523, describing the
~ induction of IL~8 by IL~1 in HUVEC; here we look at induction by human TNF alpha and
20 we use Hela cells instead of the HUVEC cell line). Briefly, HeLa cells plated in
microtitre plates were incubated overnight with dAb and 300pg/ml TNF. Post incubation
the supernatant was aspirated off the cells and IL-8 concentration measured via a
sandwich ELISA (R&D Systems). Anti-TNFR1 dAb activity lead to 2 decrease in JL-8
secretion into the supernatant compared with the TNF only control.
25 7
 The 1929 assay is used throughout the following experiments; however, the use of the

HeLa IL-8 assay is preferred to measure anti-TNF receptor 1 (p55) ligands; the presence

of mouse p55 in the 1.929 assay poses certain limitations in its use,

30 1.4 Sequence analysis
Dimers that proved to have interesting properties in the BIAcore and the receptor assay

screens were sequenced. Sequences are detailed in the sequence listing.
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pairs was mutated to a glutamine by site-directed mutagenesis.

15
1.5.3 Fabs
The dimers containing TAR1-5 or TAR1-5-19 were re-formatted into Fab expression.
vectors. dAbs were cloned into expression vectors containing either the CK or CH genes
using §fi] and Not! restriction sites and verified by sequence analysis. The CK vector is

20  derived from a pUC based ampicillin resistant vector and the CH vector is derived from a
pACYC chloramphenicol resistant vector. For Fab expression the dAb-CH and dAb-CK
constructs were co-transformed into HB2151 cells and grown in 2xTY containing 0.1%

glucose, 100pg/ml ampicillin and 10pg/mi chloramphenicol.

25 . 1.5.3 Hinge dimerisation |
Dimerisation of dAbs via cystine bond formation was examined. A short sequence of
amino acids EPKSGDKTHTCPPCP a modified form of the human IgGC1 hinge was
engineered at the C temﬁual region on the dAb. An oligo Iinker encoding for this
sequence was synthesised and annealed, as descﬁbed previously. The linker was cloned
30 into the pEDA vector containing TAR1-5-19 using Xhol and Not! restriction sites.

Dimerisation occurs in situ in the periplasm.

1.6 Expression and purification
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15 The cells were harvested by centrifugation and the pellet resuspended in periplasmic

preparation buffer (30mM Tris-HC! pHB.0, 1mM EDTA, 20% sucrose). Following
centrifugation the supematant was retained and the pellet resuspended in SmM MgSO,,
The superfxatant was harvested again by centrifugation, pooled and purified.

20  1.6.2 Protein A/L purification
Optimisation of the purification of dimer proteins from Protein L. agarose (Affitech,
Notrway) or Protein A agarose (Sigma, UK) was examined. Protein was eluted by batch or
by column elution using a peristaltic pump. Three buffers were examined 0.IM
Phosphate-citrate buffer pH2.6, 0.2M Glycine pH2.5 and 0.1M Glycine pH2.5. The
25 - optimal condition was determined to be under peristaltic pump conditions using 0.1M .
Glycine pH2.5 over 10 column volumes. Purification from protein A was conducted

peristaltic pump conditions using 0.1M Glycine pH2.5.

1.6.3 FPLC purification
30  Further purification was carried out by FPLC analysis on the AKTA Explorer 100 system.
(Amersham Biosciences Ltd). TARI-5 and TAR1-5-19 dimers were fractionated by
~ cation exchange chromatography (1ml Resource S — Amersham Biosciences Ltd) eluted
.with a 0-1M NaCl gradient in 50mM acetate buffer pH4., Hinge dimers were purified by .




30 The PCR reaction (50L volunme) was set up as follows: 200M dNTPs, O0.4M of
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was i sol ated, which contained a 50:50 ratio of nonomer to diner. 20

Trinmerisation of TARI -5-19CYS
BlAcore analysis was conducted using the 2ml supernatants. BIAcore analysis revealed

that the dimer Koff rates were vastly improved compared to monomeric TARI1-5.
Monomer Koff rate was in the }ange of 10™™ compared with dimer Koff rates which
- 20  were in the range of 107 - 10'4M. 16 clones that appeared to have very slow off rates -
were selected, these came from the 31U, 5U and 7U libraries and were sequenced. In
addition the supernatants were analysed for the ability to neutrafise human TNFo. in the

receptor assay.

25 6 lead clones (d1-d6 below) that neutralised in these assays and have been sequenced.
The results shows that out of the 6 clones obtained there are only 3 different second dAbs
(dAbl dAb2 and dAbS) however where the second dAb is found more than once they are
linked with different length linkers.

30 TAR1-5d1: 3U linker 2*° dAb=dAbl — 1pg/ml Ag immumotube overnight wash
TARI-5d2: 3U linker 2* dAb=dAb2 - 1pg/mi Ag immunotube overnight wash
TAR1-5d3: 5U linker 2" dAb=dAb2 - 1ug/m] Ag immumotube overnight wash
TAR1-5d4: 5U linker 2™ dAb=dAb3 - 20pg/ml Ag immunotube overnight wash
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species is possibly due to the presence of C terminal tags. These proteins were examined-

~ in the receptor assay. The data presented in table 1 represents the optimum results
20  obtained from the two dimeric species (Figure 11)

The three second dAbs from the dimer pairs (ie, dAbl, dAb2 and dAb3) were cloned as
“monomers and examined by ELI;_SA and in the cell and receptor assay. All three dAbs
bind sPeciﬁcalljr to TINF by antigen ELISA and do not cross react with plastic or BSA. As

25  monomers, none of the dAbs neutralise in the cell or receptor assays.

2.1.2 TAR1-5-19 dimers
TAR1-5-19 was substituted for TAR1-5 in the 6 lead clones. Analysis of all TAR1-5-19
dimers in the cell and receptor assays was conducted using total protein (profein L
30 purified only) unless otherwise stated (Table 2), TAR1-5-19d4 and TAR1-5-19d3 have
 the best NDsg (~5nM) in the cell assay, this is consistent with the recepior assay results
and is an improvement over TAR1-5-19 monomer (NDs~30nM). Although purified
- TARI1-5 dimers give variable results in the receptor and cell assays TAR1-5-19 dimers
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2.2 Fabs 7
- TARI1-5 and TARI-5-19 dimers were also cloned into Fab format, expressed and purified
20 on protein L agarose. Fabs were assessed in the receptor assays (Table 4).-The resulis
showed that for both TAR1-5-19 and TARI1-5 dimers the neutralisation levels were
similar to the original GlysSer linker dimers from which they were derived. A TAR1-5-19
Fab where TAR1-5-19 was dieplayed on both CH and CK was expressed, protein L
purified and assessed in the recei)tor assay. The resulting IC50 was approximately 1nM.

25

2.3 TAR1-27 dimers

3 x 96 clones were picked from the round 2 selection encompassing all the libraries and
_ selection conditions. Zm! supernatant preps were made for analysis in ELISA and
30  bioassays. Antigen ELISA gave 71 positive clones. The receptor assay of crude

supernatants yielded 42 clones with inhibitory properties (INF binding 0-60%). In the

majority of cases ivhibitory properties correlated with a strong ELISA signal. 42 clones




Li brary size: 6.2 x 109 Library 2 (VH: 30 Dversity at 2%8)%“0”
H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, HO5, ce :

H100, H100a, H100b. Library size: 4.3 x 109 28 Decenber 2006 WO

2004/ 00301 03/002804 113 Library 3 (VK): sitions:
L30, L31, %é(gﬂiﬁ%%gl_so L53, L91, L92, L93, L94, L96 F@E%‘r"?&’%@ge 2 x
109 5 The VH and Vic |ibraries have bq n preselected for binding to generic
| i gands protein A and protein L respectlvely so that the majority of
clones in theupschest 80 JrigRkahbfSuRhfe scboiICAAPR@IuencEheTiRd 72 Ainkkrs tHae

l'i brari es shown above’ correspond to the sizes after preselection. to Two
rounds of seyaibe bestinhibiterymeeresiorasrannalyssd Mt bumi n usi ng each of the
libraries separately. For each selection, antigen was coated on inmunot ube
(nunc) in 4m of PBS at a concentration of 100itg/m. In the first round
of selecti d]hp 1éaetirailfsmgrv®mhmea Aippessadl 5200w sugraratand P@p@n@m@hﬁecbglal nst

HSA (Sl Si the r s (o) e from
each of thé’r Ifl\ﬁﬁgée % elqe(%?r(g %anagdpagﬁ aIgSés’i nsl?&%ge Eﬂltd kt? same
antigen agaedapt()ﬁgss&jat Sﬂmignploswﬁ% EEISd\ rsxguaﬁsi Wﬁé\)obmmstd(ml 311 agws.nBlAtdie
~reciprocal en_(eq, ISt ro A sulting in t ot al
of “thelve saenHeEE webesRdavs b nd ol FHEE ARSI FER S eiolely o
fSel ection Z&Smgé:anﬁﬁm@wdn&ﬁbasnemi gfowe?ebrﬁﬁeh Oﬂ‘rhtefoHS‘ARinﬁ? Mfss Hga& fistee dAD .
ragnments were. produced as descri or rrison et a
Met hods Eni%%lls apa@%ﬂ%wetge 196'533 gﬂ r@a% @@g@igﬁ%ﬁf&&‘%@]
- followg ?&Q gc{ﬁgffefs broxﬁﬁa?&%)m N kRbE 0AQDES REM). 1119 sta‘bilﬁ?)of&ﬁ@ept

en

t hat 2% was used as a bl ocking buffer and bound wer e

- detected wpmﬁedéhmﬁré wap geastioned ngd yorefap gh%r)ier@ HFIPIPW‘eStWBW 3%6% ®n A
. - HRP (Aner %b’%g)cgljaﬁb@% ?&1@5%? B)se KiPAg (tslfﬁna\f k@ﬁ 1nc?lﬁe§|ﬁpﬁle Raficdien ef a

si gnal above” ackgroun catl n&bbl ndi hg or both were tested

in ELISA i ﬁs:@ﬂtlblbdlﬁmwﬂil ond @Gidtﬁ ﬁQ@fM%&qr@f@%@oﬁﬂﬁmﬂmﬂe@\@Péﬂ%ec| fic
for serum ?8%%1'0%& Polé %s(vaﬁ'g ab b8 19%9%06@@’ ealing

that 21 uniqte sequ ces een nt| mninumsimlarity
(at 't hasamnissay. M-ﬂmayGMWOmeaﬂmﬁwﬁne@s@h@@t SARIZTdBB. 25%

 ((69/80) x1 h Lt .wh 0
: fj.(ffere)ntx iyt AR R Whch BBl SR ey R SO R b

gave an IC50 of ~50nM when purified under stabilising conditions. No further analysis

was conducted.

20 2.4 TAR2-5 dimers

3 x 96 clones were picked from the second round selections encompassing all the libraries
and selection conditions. 2m! supematant preps were made for analysis. Protein A and
antigen ELISAs were conducted for each plate. 30 interesting clones were identified as
having good off-rates by BIAcoi;e (Koff ranges between 102 — 10M). The clones were

25  sequenced and 13 unique dimers were identified by sequence analysis.

- Table 1: TAR1-5 dimers

Dimer Cell Purification | Protein Ehution Receptor/
- type Fraction conditions Cell assay
TAR1-5d1 HB2151 | Protein L + | small dimertic | 0.IM glycine { RA~300M
FPLC species pH2.5
TAR1-5d2 HB2151 | Protein L + |small dimeric | 0.IM glycine | RA~50uM
FPLC species pH2.5




cl ones selected was 94 % ((127/136)x100). 28 Decenber 2006_ WO 2004/ 003019
PCT/ GB2003/ 002804 114 Next, the serum al buni n bi ndi ng dABPeqher 3096t ed f or
their ability to capture biotinylated antigen from solution. ELISA
protocol (as.above) was foll owed except that ELISA plate ated with
lgg/m protein L (for the Vic clones) and lEt"g'f'nﬁ??ErZ@[]&ianﬁafgf # the VH
—clrones)yTSotubte-dAb-was—capturedfrom sol utidn_as_ijg §k08§ot ocol and 5
detection was with biotinylated MSA or HSA and st reé’t avi di n HRP."The™
biotinylated MSA and HSA had been ‘??r epared according to the manufacturer's
instructions, with the: aimof achieving an average of 2 biotins per serum
al buni n n[‘rl_gg.ul_e, Twenty. four. clones were identified that captured

bi oti nyl atled .MSA_frdm sol ubliPdE | n_1 hapesiey SA S of thdde (clones 2 and 38
bel ow) ~al $8AREBur e vleinell HmrzeNdimeric f GEV dglpen 30| t ested for
their abilij ' , speciisb b afﬂﬂé chi-p.|o¥ ght{ cl ones were
found t hat TABLE VSAHBASE HPraseimchr ¢ | smbtibdifnaid | (BIM dglydmeyjtRA~8n MSA Capt ur es
“biotinylated H.in biotinyldPe8 NSA] speeiesk CORIPHZBR2 CDRMbi acpre? HSA? VK
library 3|TARGPISat e | HB2L M) rotéin XXOKE KladASKinedfs [QQNIOGHME | RA42007] 41, K SSYLN
RASPLQS QDTYRVPPT /all4 bijdLC38, 54 $ediSYLN RABRISOS QOITYM PPTi / both bind
46, 47, 52, PPAR-FKSL X| NBRSL QPrRi/VYVIP llargedishbricd 0M ¥ Lgiy o p RARIJQVRKVPRT

30, 35 K RRYLK QASVL{S YPPLT 19 spieiNWK |RASSLQS QUMY PRT} 22, K LWHLR
HASLLQS QQBAVYPKT 23, K FRYLA HASALOS QURLLYPXT 22K FYACA PASKLQS

54, K LKYLK RRSARES? Eesrabpyp Hove 5 sme sontd 44 Colsorarpoomerrber =
B different linker lengths (d2 = (GlysSer);, d3 = (GlysSer);). dAbl is the partner dAb to
- dimers 1, 5 and 6. dAb3 is the partner dAb to dimer4. None of the pariner dAbs \;_)
5 neutralise alone. FPLC purification is by cation exchange unless otherwise stated, The
optimal dimeric species for each dimer obtained by FPLC was determined in these

e

assays,

10  Table 2: TAR1-5-19 dimers

Dimer Cell type Puriﬁcaﬁ_on;;- Protein Elution conditions Recept

. Fraction or/ Celt
) . assay
TARI-5-19d1 “TOFI0F Protein 1, Total protein 0.IMglhycine pH20 | RA~13
frorare . nM
TARI-5-19 & (no | TOPIOF' Protein L, Totaiproteln | 0.1M giycine pH 2.0 + | RA~2n
| stop codon) i L05%:NP40 M _
TAR[5-1943 TOPIOP ProemL | Total protein 0.1M glycine pH 2.5.+ | RA~8n J
{io stop codon) o | 0.05%NP40 M k
TARI-5-19d4 TOPIOF Protein L+ | FPLC  punified | 0.1M plycine T RA-
FPLC fiaction pH2.G 5aM
CA~12
_ . ‘ aM
I TARI5-19d5 TOPIOF Protein L “Total protoin 0.1M glycine pH2.0 + | RA-8n
NP4D M
CA~10
. M
TARI-5-19 d6 TOPIOF Protein L "Total protein 0.IMglycine pH 2.0 | RA~10
. nM

Table 3: TAR1-5-19 homedimers
15

Dimer Cell iype Puriication Protein Fraction | Elution cnndiﬁoné Receﬁt
or/ Cell
1- . 7 _ : - . -as5ay

SUBSTITUTE SHEET (RULE 26)  AMENDED ShEgy




11, K LRSLK AASRLQS QQWYWPAT / 12, K FRHLK AASRLQS QQJA%I)PXT / d'a% g
RKYLR TASSLQS QONLFWPRT / 18, K RRYLN AASSLQS QQLALFYPXFSPecemgbendOlR xxm k
GASRLQS QQGARWPQT / 25,26 K YYHLK KASTLQS QQVRXVPRT / 27, K YXHLK NASHLQS
QQVGRYPKT / 55, K FKSLK NASYLQS QQUWYWPVT /3 % ar@(gz%{ '
tenplate (dummy) H XXYXXX XI XXXGXXTXYADSVKG 8, VW/YQND

- -SHSAFGAKTE YADSVKG-LSGKEDY 36 H_WEYQLAT S| SSFGSSTH Wi GRDBNYSLFDY 28
December 2006 WD 2004/ 003019 PCT/ Gﬁéoosl 002804 '.. 115 In all cases the

frameworks were identical to the f freworks in the correspondi ng dumy
sequence, with diversity in the CDRs as indicated in the table above. O

t he ei ght —I%I—ﬁnes—-t—hat bound-MSA--.gn--the-biacore. . two clone are highly
54 E. doli (d ones MSA16 and MSAR6) were chok@h,fbr further

expressed
study (sep_exanple 310). Hull nucleoetide and anmi no acid spmuences for MSAL6
and 26 ar ETA3-&8n W |HP¥Ur  PrEnl  Exanpitberold. 1001PeydsrmRhat jRanof affinity
and serun U< -1if¢ in njuse of MSA binding HAbs MBAL6 3hd MSA26. dAbs .
MBA16 and] MSA26 wer g exprgssed in the periplagmof E. collimand purified

usi ng - baf®Rl-aBsor7BY Heabl t g PpEidt el n [ Taberose pfiMelpingépf2.y eSIRA-OAf f i t ech,

- Norway) fldPT8®Ed by| 15 ellution with glycine pt pH 2. 2. Tﬁ_lg rified dAbs

- were then{ anal ysed Py inhifbition bi acore to determ ne Kd.{grigfly, purified
MSAL6 and WBAZ8 wers HR2BET ¢ drottind +aiRIICE f FRLGIE ~ pufified] 00 pigephiz.al 1joa~20T] dAb required .
to achi eVj@™*00RUs ol respdnse on a pfitfres CM6 chip coatjéd wijth a high

: denS| ty Au, 'HBE]LSF f m { Cd ;ﬂE&Q{—eiﬁLa%J' C& dAk Hod I,-“-en

2 =29 1
det er m nqddaridSéciant { gen atl a range pf concentlr at rons ar oy t He expected Kd

was 20 premnixed with the dAb and incubated overnight. Binding to the MSA
{cyated bi . Ghi i n each of the prem xes was then neasured at a
\h‘?gh flowalug’ﬁ[eé' g&‘@(f’ﬁ%" tll"é‘.gs The resulting curves were used to create
Klotz plots, which gave an estimted Kd of

o

Dimer Cell Purification | Protein Ehtion Rece
type : - Fraction conditions ptox/
- Cell
assay
TARI-SCH/ HBZi51 | Proein L, Total protein 0.IM citrate pHZ.6 RA-9D
dAbt CK M
TARI-5CH/ HB2151 | Proiein L Total protein 0.1M plycine pHZ.5 RA~30
dAb2 CK M
_ i ‘ CA~60
,: L _ nM
dAB3CH/ | HB215f | Proteinl, - “Total protein 0,1M citrate pH2.6 RA~10
TARI-SCK ‘ . onM
TARI-5-19CH/ HB2151 . | ProteinL Total protein 0.IM glycine pH2.0 RA~6n
dAbL-CR M
éAbl CH/ HB2151 Proteinl, 0.1M glycine § Myc/flag RA~6n |
TAR1-5-19CK ’ pH2.0 M
TART-5-19CH/ EB2151 | ProteinL ¢ Total protein [ 0.1Mglycine pH2.0 | | RA~8n
dAb2 CK M
. ] CA~12
: M
} TARL-5-19CH/ HBZI5T | Prokein L Tota] protein 0.1M glycine pH2.0 RA-3n
dAB3CK M
3
T . » N"’%ENQE:?},{_}MEE?

SUBSTITUTE SHEET (RULE2)




200nM for MSA16 and 70nM for MSA 26 (Figure 17 A & B). 25 Next, clones
'MBAL16 and MBA26 were cloned into an expression vector wi 4 Hergnhgnz4ieg
“(nucl ei c acid sequence: TATCCTTATGATGITCCTGATTATGCA and ami no acid '

sequence: YRYiWDh¥Ay and 2-10 ng quantities were expregsppiddsosdio!l | and
purified fromthe supernatant with protein L-agarose affinity resin

(Affitech, Norway) and eluted wth glycine at pll12.2. Serumhalf life of

t he dAbs was determ ned in nouse. l\/BAzlé7 30 and MSA16 were dosed as single

i.Vv. inject b@ﬁcoﬁ&ﬁ%&oﬁﬂ%ﬁﬁéyFﬁﬂem mce. Analysis of serumlevels
- beam cap

was by goat anti ure and protein L-HRP (invitrogen)
det ecti on Elek Stemyilé 8 eswaibing|tiocddstd trimdrh TA8drivbenpedtocol\gbiat rige twasmiitine of 0. 05%
t ween PBS. St andar,d curyves of known concentrations of dAb were set up in
the 28 DecdRBRPFHRT %E’(’J‘?Szu 003019 PCT/ GB2003/ 002804 116 presence of

| xmouse serumto ensure conparability with the test sanples. Mdelling

with a 2 c%%art,ment m)gi?'l showed NBA—%% had a tl/2a of 0.16hr, a tl/2(3 of
14. 5hr dnd BXRressipp and poeificatnn of JARI-3-ACYSSmE%G5hr . ng/ M (data not shown)
and MSA- 16 e dider Wh? purifdd BoB8HE sueriakdn? fof Yhe 6B by aBtuANo\Peotsth T
913hr.nmg/ M (figure_18)., Both anti-MSA 5 clones had consi derably | engthened

hal f 1ife @8HpHrasquihinehingis oxamgle fanti - hen egg white |'ysozyme dAb). which
had a tl/2a of 0.06hr, and a tl/2,6 of 0.34hr. Exanple 11. to Creation of
VH VH and Vic- Vx dual specific Fab |ike fragnents This exanpl e describes a

met hod f or Sepaiation YHTARLSHHC XS monomersiromibe PARIS-BACFR 0oy ke fragnents.
Bef or e .gongt: i ' Lke: 51;?% CL.l hat

bi nd toiﬁt a?gé#gg o crﬁ%?%eag%e\e%géb%aﬁ%gt {h'ggrﬁxexfg{[i:xg roe?r/{lgﬁ {%%gﬁagéggﬁn lar to
t hose desc rikdheunged3nto rfOenldrmplivmSicetate\Wuffery] 410R1sihg atFix0 boluthe (Aomeérsimnegg

| ysozyme ( i . ' e 2 SEE V TARZh- 5) bjnds to
TNFa recep %‘%hamlﬁégee%u%&aﬁ @g&ﬁﬁgsc')l a?g%qglerﬁegg rsﬂleeglua@%g%{smo? t hese
are given imliRsmoweeGanten bxchingegohunMilmnasiant Plarmidigdehichad bedn\pte- 5- 19)
was isol ated. sel ectd.Q ng affinit tyration and t.he sequence s also
Sot tortn FiliaREuiGin MR Askile LB e Ghorgef EFSSRATEd | n
exanpl @59 udfl b Gl veagsiprRlidns in 50 thMOsdRmlatEawad! 40so used i n these

experinments. DNA from expression vectors containing the four dAbs descri bed
above was digested wth enzynmes Sall and Notl to excise the DNA coding for

tEe g_Ab. Almm@oomaeﬁu@&amﬂegveggzemﬁ@ﬁ%ﬂ:ﬁﬁﬁp) bwaz p]yr: }‘i ed.db% runlni ng
the digest_ o agar ose g .an excl st ng the band, ol | owe y ge
pur@ficati895‘&9231'3!%&3\4%31@11&5@&3@@@ejﬂﬁé}wlea?ua%skit (Q agen, UK). The DNA
codi ng for 430'@ 1966 mMESikH SRlofidlSéVet B5lcdithRvalukBer the CH or Cx

20 :

- Fractions containing dimer only were identified using SDS-PAGE and then pooled and
. the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0.

In vitro functional binding assa&: TNF receptor assay and cell assay
25  The affinity of the dimer for human TNFa was determined using the TNF receptor and
cell assay. IC50 in the receptor assay was approximately 0.3-0.8 nM; ND50 in the cell

assay was approximately 3-8 nM.

Other possible TAR1-5-19CYS dimer formats
30
- PEG dimers and custom synthetic maleimide dimers
Nektar (Shearwater) offer a range of bi-maleimide PEGs [mPEG2-(MAL)2 or mPEG-
(MAL)2] which would allow the monomer to be formatted as a dimer, with a small linker




vectors (Figs 8 and 9) as indicated in the table below d Target antigen
dAb VH or Inserted into tag ( C Antibiotic dAb Vic vectc?r%q?"é?‘ﬂl?‘iﬁg?of
resisitance HEIR Hen egg |ysozynme VH CH nmyc Chl oranphenicol TAR2-5 TNF

receptor Vigd&sold@d@oAmpicillin TART-5-19 TNF a Vie CHppyerSditargqpheni col
MBA 26 Mouse serum al bumin Vie Gc flag Anpicillin 28 Decenger 2006 WO

2004/ 003019 PCT/ GB2003/002804 '.. 117 The VH CH and VH Cx constructs were
cotransforned into HB2151 cells. Separdf®ly, the Vic CH and Vx Cx

truct - i nt.o HB2151 cells. .Cult f h of th
Cot ranst or moaeeaffl B2 IAE LRt il KGa R0 BRC Sasrmipnpechmt A inbDSl
gl ucose, 10y bden chévan dp trendion) mPRG-VOT)2 Ge MTmﬁﬂbinyﬁthirﬁ%-@Eéj 'y

anti biotic select. for .5 both CH and pl asmi ds). e overnight cultures
were used t%’ Wﬁ%ﬁlﬁﬁﬁ? 814%@%8 ﬁ’i?df“&egf%?%‘, 1169 figner] basaroafaisn énfhe INEand
100g/ M anpirgkpibi apayesro- G300, Ao G Simébr CarSalsdBS i i Yrrbroe

addi tion _of IarTG to elfpr,ess their CH and Cx cons.%g%%eg%&éx@?%gs(ggg[gab i ke
f r agment > wa@Adosld{aning (PiersBistechpalopy)|os sthetii-fanagiopldinkerspur i f i cat i on
(for the contransfornmed VH CH and VH Cx) and MSA affinity resin to
purification (for the contransfonned Vx CH and Vx Cx). VH VH dual specific
Expr essi on 8fiS gl peasibig-fopredugs tigk digpltids diersr bising warkehizal anipliys proostrg t he

protei n on gsindeh . dithitsi dg}gﬁ : the expected size for the
Fab fragment coul d be 1}%? et §1§?433ﬁ§1ﬁ&9%%g{3§%%%?rggneﬁ a both the nmyc tag
and the flag tag, indicating that both the VH CH and VH Cx parts of the Fab
| i ke fragmeps: t...n order, to .  det i ne whether the two
hal ves g? tﬁedlﬁé?ag%@l %dgl%%‘ewgfnéggantge Crferfias é% -like fragment, an
ELI SA pl at eAvemalic baiteed eitheer(GilgBer)atwhd€ w1t By 100ef, pen, veld, Hfs hery, ego
| ysozyme ([%E[Hﬂ ./ In_sodium bicgrbonate buffer. The plate was then
~biocked 20 (as 8@%‘6‘?%”@%%9 TInBSASRIGN PF 3fde Pf%*f%@gﬁenpw& SHeciRiciom ¢

i ncubat i on irdch of taeddrhipEitide Mdueces)ah bs Bashdeted bEfRch el A AR ermiat €Ct i on
of binding of, the %Iual sgaeci fic:to the BEL was via the non cognate chain

5 By

usi ng 9e10 PHHBRSEGHRS SRR fQmake Aepers #eoutlipgd abedg. Roche) and ant |
nouse | gG HRP ( Amer sham Pharmaci a Bi otech). The signal for the VH CH /VH
Cx dual specific Fab Iike fragnent was 0.154 conpared to a 25 background
signal of ERepid®r the VH Cx chain expressed al one. This denonstrates that
the Fab |ike fragnent has binding specificity for target antigen.

dAb trimerisation
20

Summary

" For dAb trimerisation, a free cysteine is required at the C-terminus of the protein. The
cysteine residue, once reduced to give the free thiol, can then be used to specifically
25  couple the protein to a trimeric nf?leinﬁde molecule, for example TMEA. (Tris[2-
maleimidoethyl]amine).

PCR construction of TAR1-5-19CYS
The following oligonucleotides were used to specifically PCR TAR1-5-19 with a Szl and
30 BamHl sites for cloning and also to introduce a C-terminal cysteine residue:

Trp Sex Ala Ser Thr Agp* Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
35 1 TGG AGC GCG TCG ACG GAC ATC CAG ATG ACC CAG TCT CCA TCC TCT CTE TCT GCA TCT GTA
ACC TCG CGC AGC TGC CTG TAG GTC TAC TGG GTC AGA GET AGH AGA GAC AGA CGT AGA .CAT

Gly Asp Axg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Asp Ser Tyr Leu His Trp




V, -V, dual specific After purifying the contransformed V. Cx dual
specific Fab like fragnment on 30 an MSA affinity resin, X%S%C?rg%eﬁ%q

protein was used to probe an ELI SA plate coated with 1g/rr1 TNFa and an

ELI SA pl at gysorl/mdodi th 101t g/ Ml MSA. As predicted, therpchansoamt@nal above
background when detected with protein L-HRP on hot ELISA plates (data not
shown). This indicated that the fraction of protein able to bind to MSA
(and therefore 28 Decenber 2006 WO 20040903019 PCT/ GB2003/ 002804 '.. 118

purified on the MaA el fdr ¥rd YocGRE MM WRAS:cR &0kl ead %A’pAGQqMTHE%AJ' e
subsequent  ELI Shwcr GRI ol R rhd)Sen R b SRS Ghaf do€ ik Y@ fenad RE AN RO oo
fragnment. This fraction of protein was then used for two subsequent
experi ments. Fir sl iy olyEblSA, RlLALE 16 gxs%gu Wit e ). LOMT  TNER WS probed
wi th duals Spegif i 3 €Chh 80 if 8Dyl P FOUEN, koD 8 SO W th a
control TNFa bi nging. g@bm@tmamgquﬂc&etggaa% Ll Gl gbared Lo otve 8 Bl m i ar

signal on the ELISA. Both the dual specific and control re used to

pr Obe t he ELI SA, GQJG@}; gall Ej;.lo t-SQ: 3:& ri?g?.sga %Fy .Qeg%lyl ?frthJ..leT}g Asse (»:eeTh%).{L.'eaunngé% bUt t he

The signal in,ihg, [ 2 nor
Si gnal '1@ theBd QG qJUf TC C%QQ& C.E'T dA aGGA Sae Gfl. §T wa : e sane

18 ur
protein was al so put | nto £ ecjraé'lil::geptorG T§§§5T WETHhT CTA%‘& Wi 01t *WsA and
conpetition by MA was %llsg .Sho E(hsee ure 190‘);1“\M1h| s denonstrates that

yr C?s

binding of M3A tg the du pecitic.is Mt OrhdPAge €8 TNFa.
15 Exanpl e 2@ C% g on ﬁf Gi ﬁ;kcm\ﬁ? ElcTa;?cG sq%e%f:fﬂlﬂc “yE BEfdeidiarspeci fi ¢
with spegifici ty" nmouse sertm al Bun n *ards TRFET 28° T/ &k dbre

“descri bes a net hod for maki ng a dual speC| fic anti body frBé‘ﬁﬁent specific

for both nmouse seru r&Ll%unllg and 'I;NFa b(yrAchem cal coup pl i ng~via a disul phide
bond. Both NBALE (: moekafple 1) 7 Ri°-82 1y GABS Wer f&¢f%ned into a
pET based véctor 'f'u GCCCAF chnfcﬁﬁg SPRFTPAAE 156 "Pats SOATTRE FSwo dAbs wer e
expressgg at 4- 1'6Arrgc PP &TefS AnTeput FFi U ™Fr TRt hese SHp&T 15t 2At°“Usi ng
protein agarose affinit esin (Affitiech, 25 Norway). The cysteine

t agged dAbs{artofiTdhl- 5@8&8&@eweu¢ﬁmuthu othreitol. The TARL-5- 19 dAb was
then coupled wth dithiodipyridine to block reformation of disul phide bonds
resulting in the formation of PEP 1-5-19 honodi mers. The two di fferent dAbs
“were then HhorwvedimimgsH 6.5 to pronote di sul phide bond formation and the
generation of TAR1-5-19, MSA16 cys bonded heterodi ners. Thisnmethod for
produci ng conjugates of two unlike 30 proteins was originally described by
Ki ng et 2al . S (REE4GUBCETCHARGHHIATEEAGATGACCCAGTCTCCA-3

Reverse primer

5-TTAGCAGCCGGATCCTTATTAGCACCGTTTGATTTCCAC-3’
The PCR reaction {S0uL volumé) was set up as follows: 200pM dNTPs, 0.4pM of each
primer, 5 uL of 10x PfuTurbo buffer (Stratagens), 100 ng of template plasmid (encoding
TAR1-5-19), 1pL of PfuTurbo enzyme (Stratagene) and the volume adjusted to 50uL
using sterile water. The following PCR conditions were used: initial denaturing step 94
35  °C for 2 mins, then 25 cycles of 94 °C for 30 secs, 64 °C for 30 sec and 72 °C for 30 sec.
A final extension step was also included of 72 °C for 5 mins. The PCR product was
purified and digested with Sall and BamHI and ligated into the vector which had also
been cut with the same restriction enzymes. Correct clones were verified by DNA -
sequencing, '

40
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species was tested in the TNF receptor,. .assay and found to have an 1 C50 for
neutralising TNF of approximtely 18 P Next, the receptor assay was
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are obvious to those skilled in nolecular biolo rela Eeaﬂ are
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enhance half-life in vivo. Al pha ycoprotein (Orosorrucmdq&f(

Al pha- 1 Anta foriler dawt efqys the svem}msww ﬁm@ﬂﬁd ot Theragprepqwesthan b

_ M crogl gbul i g 6B% Qﬁlﬁl'rﬁAEQsh&é‘Mlamacm) and was washed with 10 column volumes of

| PBS. The bound dAb was eluted with 100 mM glycine pH 2.0 and protein containing
fractions were then neutralized by the addition of 1/5 volume of 1 M Tris pH 8.0. Per litre
of culture supernatant 20 mg of pure protein was isolated, which contained a 50:50 ratio
of monomer to dimer.

20
Trimerisation of TAR1-5-19CYS ‘

2.5 ml of 100 uM TAR1-5-19CYS was reduce with 5 mM dithiothreitol and left at room
temperature for 20 minutes. The };ample was then buffer exchanged using a PD-10
column (Amersham Pharmacia). The column had been pre-equilibrated with'5 mM -

25  EDTA, 50 mM sodium phosphate pH 6.5, and the sample applied and eluted following
the manufactures guidelines. The sample was placed on ice until required. TMEA (Tris[2-
maleimidoethyl)amine) was purchased from Pierce Biotechnology. A 20 mM stock
solution of TMEA was made in 100% DMSQ (dimethyl sulphoxide). It was found that a
concentration of TMEA greater than 3:1 (molar ratio of dAb:TMEA) caused the rapid

30 precipitation and cross-linking of the protein. Also the rate of precipitation and cross-
linking was greater as the pH increased. Therefore using 100 pM reduced TAR1-5-
19CYS, 25 pM TMEA. was added to trimerise the protein and the reaction allowed to

proceed at room temperature for two hours. It was found that the addition of additives
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5  Purification of the trimeric TAR1-5-19CYS

40 uL of 40% glacial acetic acid was added per mL of the TMEA-TAR1-5-19¢cys reaction
to reduce the pH to ~4. The sample was then applied to a ImL Resource S cation
exchange column (Amersham Pharmacia), which had been pre-equilibrated with 50 mM
sodium acetate pH 4.0. The dimer and trimer were partially separated using a salt gradient.

10 of 340 to 450 mM Sodium chloride, 50 mM sodium acetate pH 4.0 over 30 column
volumes. Fractions containing trimer only were identified using SDS-PAGE and then
pooled and the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0. To
prevent precipitation of the trimer during concentration steps (using 5K cut off Viva spin

concentrators; Vivascience), 10% glycerol was added to the sample.

15
In vitro functional binding assay: TNF receptor assay and cell assay
* The affinity of the trimer for human TNFo was determined using the TNF receptor and
cell assay. IC50 in the receptor assay was 0.3nM; ND50 in the cell assay was in the range
© of 3 to 100M (eg, 3nM).
20

Other possible TAR1-5-19CYS trimer formats
TAR1-5-19CYS may also be formatted into a trimer using the following reagents:

PEG trimers and custom synthetic maleimide trimers

25 Nektar (Shearwater) offer a range of multi arm PEGs, which can be chemically modified
at the terminal end of the PEG. Therefore using a PEG trimer with a maleimide functional
group at the end of each arm would allow the trimerisation of the dAD in a manner similar
to that outlined above nsing TMEA. The PEG may also have the advantage in increasing
the solubility of the trimer thus preventing the problem of aggregation. Thus, one could

30  produce a dAb trimer in which each dAb has a C-terminal cysteine that is linked to.a
maleimide functional group, the maleimide functional groups being linked to a PEG
trimer.
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15  This example explains a methoﬁ for making a single domain antibody (dAb) directed
against serum albumin. Selection of dAbs against both mouse serum albumin (MSA) and
human serum albumin (HSA) is described. Three human phage display antibody libraries
were used in this experiment, each based on a single human framework for Vg (see
Figure 13: sequence of dummy VH based on V3-23/DP47 and JH4b) or Vi (see Figure

20 15: sequence of dummy Vk based on 012/02/DPK9 and Jk1) with side chain diversity

encoded by NNK codons incorporated in complementarity determining regions (CDRI,

CDR2 and CDR3).

Library 1 (VH)
25  Diversity at positions: H30, H31, H33, H35, H50, 1152, H52a, H53, H55, H56, HS8, 195,

H97, H9S.
Library size: 6.2x 10°

Library 2 (Ve):
30 Diversity at positions: H30, H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, H9S,

H97, H98, H99, H100, H100a, H100b.
Library size: 43x10°
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was panned separately against HSA (Sigma) and MSA (Sigma). In the second round of

selection, phage from each of the six first round selections was panned against (i) the
15 same antigen again (eg 1% round MSA, 2" round MSA) and (ji) against the reciprocal
~antigen (eg 1** round MSA, 9™ round HSA) resulting in a total of twelve 2™ round
selections. In each case, after the second round of selection 48 clones were tested for
binding to HSA and MSA. Soluble dAb fragments were produced as described for scFv
fragments by Harrison ef al, M;aﬂlods Enzymol. 1996;267:83-109 and standard ELISA
20 protocol was followed (Hoogenboom et al. (1991) Nucleic Acids Res., 19: 4133) except
that 2% tween PBS was used as a blocking buf:fer and bound dAbs were detgcted with -
gither protein L-HRP (Sigma) (for the Vis) and protein A —HRP (Amersham Pharmacia.
Biotech) (for the V).

25 dAbs that gave a signal above background indicating binding to MSA, TISA or both were
tested in ELISA. insoluble form for binding to plastic alone but all were specific for serum
albumin. Clones were then sequenced (see table below) revealing that 21 unique dAb
sequences had been identified. The minimum similarity (at the amino acid level) between
the Vk dADb clones selected was 86.25% ((69/80)x100; the result when ail the diversified

30  residues are different, eg clones 24 and 34). The minimum similarity between the Vg dAb

clones selected was 94 % ((127/136)x100).
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Vi library 3

template

{dummy) Kk XXXLX XASKLOS QOXXXXPXT

2,4,7,41, & SSYLN RASPLOS QOTYSVPPT Vil 4 bind
38,54 ¥ SSYLN ' RABPIQS QQTYRIPPT v" both bind
46,47,52,56 k FRSLK . NASYLOS QOVVYWEVT

13,15 k YYHLR RASTLOS QOVRKVPRT

30,35 k RRYLK QASVLOS QOGLYPPIT

19, Kk YNWLK RASSLOS QUNVVIPRT

22, ¥ LWHLR HASLLOS QQSAVYPKT

23, K . FRYLA . HASHRDS QORLLYPKT

24, k FYHLA ;  PASKLQS QORARWPRT -

31, K IWHLN . RASRLOS QOVARVPRT

33, k& YRYLR ¥ KASBLQS QOYVEYPRT

3, ¥ LEXYLK NASHLQS QOITYYPIT

53, K LRYLR KASWLQS QOVLYYPQT

11, Kk ERSLK ARSRLQS QOVVYWPAT v
12, x FRHLK AASRLQS QQVALYPKT v
17, & REKYLR TASSLOS QONLFWPRT v
18, X RRYLY AASSLOS QOMLFYPKT v
16, 21 Kk IRHLX GASRLOS QQEARWPQT v
25,26 kK YYHLK KASTLQS QQVRKVPRT v
27, K YEHLK NASHLQS QQVERYPRT v
- 85, & FKSLK NASYLQS QOVVYWPVT v
Vy library 1

(and 2)

template ' :

(dummy) — H XEYXXX FIXXXGXXTXYADSVKG  XXXX (XXXX)FDY

8,10 H wWvyQud SISAFGARTLYADSVKG LSGKFDY

- 36, H WsYQu? SISSFESSTLYADSVKG  GRDHNYSLFDY
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16 - Determination of affinity and sernm half-life in mouse of MSA binding dAbs MSA16
and MSA26. '

dAbs MSA16 and MSA26 were expressed in the periplasm of E. coli and purified using
batch absorbtion to protein L-agarose affinity resin (Affitech, Norway) followed by
15 elution with glycine at pH 2.2. The purified dAbs were then analysed by inhibition
biacore to determine Ky. Briefly, purified MSA16 and MSA26 were tested to determine
the concentration of dAb required to achieve 200RUs of response on a biacore CMS5 chip
coated with a high density of MSA. Once the required concentrations of dAb had been
determined, MSA antigen at a range of concentrations around the expected Ka was
20 premixed with the dAb and incﬁbated overnight. Binding to the MSA coated biacore chip
of dAb in each of the prer'nixes was then measured at a high flow-rate of 30 pl/minute.
The resulting curves were used to create Klotz plots, which gave an estimated K4 of
© 200nM for MSA16 and 70nM for MSA 26 (Figure 17 A & B).

25  Next, clones MSA16 and MSA26 were cloned into an expression vector with the HA tag
(nucleic acid sequence: TATCCTTATGATGTTCCTGATTATGCA and amino- acid
sequence: YPYDVPDYA) and 2-10 mg quantities were expressed in E. colf and purified
from the supernatant with protein L-agarose affinity resin (Affitech, Norway) and eluted
with glycine at pH2.2. Serum half life of the dAbs was determined in mouse. MSA26

30 and MSA16 were dosed as single i.v. injections at approx 1.5mg/kg info CD1 mice.
Analysis of serum levels was by goat anti-HA (Abcam, UK) capture and protein L-HRP
(invitrogen) detection ELISA which was blocked with 4% Marvel. Washing was with
0.05% tween PBS. Standard curves of known concenirations of dAb were set up in the
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osteoarthritis. Osteoarthritis Cartilage. 2002 Oct |1 Q(10):799-807.

Abst racf | plergsihadrongiderably igpgthened byt lite cpmpist walh SHELA (@A di-Heeaestiiten- 17

synergi sti SITEL i bkbEo.884 and 3 aetagl andin E2 production in

expl ants oﬁ%ﬁ%ﬁ%&teoﬁagra?%?%bmg&gk%@gi sci?'l.g Arthritis Rheum 2001 Se ;44

9 :2078-83. IL-1/1L-18 Association of interleukin-18 expression with

enhanced lﬁXﬁL@F‘i{( both interleukin-lIbeta and tunor necrosis factor al pha

in knee synovi issue of patients with rheumatoid arthritis. Arthritis
Rheum 2003 Feb;48 2 :339-47. IL-1/IFNIL-2/1Lr3 T-cell proliferation B

cell proliferatiop.28, Dec 006 003019 PCT/ GB2003/ 002804 125
IL-2/ 122 i‘???iff'éf’flv 'Sfdﬁ ?ﬁﬁgﬁ'ﬁﬁu&fpsc\é% ﬁ%’rolg#q &%glgﬁtf)n (sel ectively
i nducing activation of CD8 and NK | ynphocytes)|L-2R beta

This example describes a method for making Vy- Vy and Vk-Vk dual specifics as Fab

like fragments. Before constructing each of the Fab like fragments described, dAbs that

bind to targets of choice were first selected from dAb libraries similar to those described

15 in example 9. A Vyz dAb, HEL4, that binds to hen egg lysozyme (Sigma) was isolated
and a second Vg dAb (TAR2h-5) that binds to TNFet receptor (R and ID systems) was also -
isolated. The sequences of these are given in the sequence listing. A Vi dAb that binds
TNFo (TAR1-5-19) was isolated by selection and affinity maturation and the sequence is
also set forth in the sequence listing. A second Vx dAb (MSA 26) described in example 9

20 whose sequence is in figure 17B was also used in these experiments.

DNA. from expression vectors containing the four dAbs described above was digested:
with enzymes Sall and Notl to excise the DNA coding for the dAb. A band of the
expected size (300-400bp) was purified by running the digest on an agarose gel and-

25 excising the band, followed by gel purification using the Qiagen gel purification kit
(Qiagen, UK). The DNA coding for the dAbs was then inserted into either the Cy or Ci
vectors (Figs 8 and 9) as indicated in the table below.

dAb Target antigen - | dAb Vyor | Inserted info | tag (C Aniibiotic

: dAb Vi vector ferminal) | resisitance
HEL4 Hen egg lysozyme Vu Ca myc Chloramphenicol
TAR2-5 TNF receptor - | Vu Cx flag Ampicillin-.
TAR1-5-19 | TNF o - | Ve Cu myc | Chloramphenicol
MSA 26 Mouse serum albumin | Vi Ck flag Ampicillin




agoni st P1-30 acts in synergy with IL-2, IL-4, IL-9, and -15:. bl ol ogi cal
and nol ecul ar effects. Jl mmunol. 2000 COct 15; 165(8): 43155?60?@3-65#%-5
B-cell proliferation/ Ig secretion |IL-5 induces IL-2 receptors on B-cells
IL-2/1L-6 JeyRheaRpwnt of cytotoxic T-cells IL-2/1L-7 B4doda See
IL-2/1L-4 (NK-cells) 1L-2/1L-10 13-cell activation | EM;FI L- 020%80I4L- 12
synergizes with IL-2 to induce | yrrpholﬁi ne- activated cytotoxicity and
perform and granzyne gene expression i fresh human NK cells. Cell
Imunol . 199§, nd (e e Gftlahstaintda @b rdi 51 betfe! Iskpata
IL-2/1L-4 (NKe(?g[ItcfH;a)n Q’?'T chgﬁ a%:stvfev%t i onS and proli ferat?o'n) l3?L- ilg’sglgd I L-2:
a matter ofVkChendNd Cromastmctsowerd cotednsformed iioBB2 Md tcelp Cultpee of gash:of 1

©114-8. 1L-2/11-1 hstic actjyvation: T .| 1 | s and
L2, 31 e B Rk e bl R (At gk 4 dudbe
early i nvol Wpgfedtchivbamphiesicbleard 100}:g/mlrevipicifin ta ndaintelupantibintin tsalectian folr
allograft rejection. JPathol. 2002 Jul : 7(3):322-32.. | L-2L1Ll-18..

ot e oA drPoRBCE PR FA PTG RGPVl PHEES, Hert SR Rdprear s ARG P y 1 n
m ceé ha pOt(%ﬂYﬁﬁuQ@ilﬁ:ch@im_ lﬂmhi@bldmis1oapdg@mmpiafninl) and ghatmitalOIkiolAee cel s
i n e pathogenesis of interstjtia unoni a. ood. 2002 Feb 15;

99( 4) : 1289-begie 1?%—"’??‘?@?-%‘3 ad&ﬁ?f‘r‘bt{ EP(#EMXW% Yr gf‘a - L r Sy ng
growt h factmgprhehard dRE frdgiet haykith PublaE Hh? ehd gerﬁ)ﬁlﬂéﬁ@fﬁ piveak 08i s and
pronote effector expansion. JExp Med. 1995 Sep 1; 1ﬂ]2é3):69 -709. .

1 L-2/1 FN-y puifjeadisnr Gen die pontBnelammed Vi Co a9AdYeeS ) M35 &8ajty ey

Tocel | sig 1 LAkl fhor pboBRrkboRbldy fo, Bneidige Tn mast cell growth
Synergistic effects of IL-4 and either GWCSF or IL-3 on the induction of
CD23 expression by human nonocytes: regul atory effects of |IFN al pha and

I FN-  amma. okil 1294 Jul ; 6(4):407-13. IL-3/1L-5 IL-3/1L-6 IL-3/IFNvy
1-4 andl FN- mhgl; g‘?’g?st ically increase total polyneric |gA receptor

Expression of the Vi Cgand Vy Ck dual specific was tested by running the protein on a

gel. The gel was blotted and a band the expected size for the Fab fragment could be

15 detected on the Western blot via both the myc tag and the flag tag, indicating that both the

Vy Cg and Vy Ck paris of the Fab like fragment were present. Next, in order fo

. determine whether the two halves of the dual specific were present in the same Fab-like

fragment, an ELISA plate was coated overnight at 4°C with 100 pl per well of hen egg

" lysozyme (HEL) at 3 mg/ml in sodium bicarbonate buffer. The plate was then blocked

20 (as described in example 1) with 2% tween PBS followed by incubation with the Vi Cy

/Vy Ck dual specific Fab like fragment. Detection of binding of the dual specific to the

HEL was via the non cognate chain using 9el0 (a monoclonal antibody that binds the

myc tag, Roche) and anti mouse:"_IgG-I-IRP (Amersham Pharmacia Biotech). The signal

for the Vy Cg /Vg Ck dual épeciﬁc Fab like fragment was 0.154 compared to a

‘25  background signal of 0.069 for the Vi Ck chain expressed alone. This demonstrates that
the Fab like fragment has binding specificity for target antigen.

VeV, dual specific

After purifying the contransformed Vi Cyand Vi Ck dual specific Fab like fragment on
30  an MSA affinity resin, the resulting protein was used to probe an ELISA plate coated with

1pg/ml TNFo and an ELISA plate coated with 10pg/ml MSA. As predicted, there was

signal above background when detected with protein L-HRP on bot ELISA plates (data

not shown). This indicated that the fraction of protein able to bind to MSA (and therefore




| evel s in human intestinal epithelial cells. Role of protgin tyrosipe
Mbsses. Jl mmunol . 1996 Jun 15; 156(12): 4807-14. |L- 3/G\48§|§1€C‘E§{?€F2¢d§ntial

regul ati on of human eosinophil IL-3, IL 5 and GWCSF receptor al pha-chain
expr essi on Ry doybRkdnes: |L-3,11x5, and G\ CSF  down- rﬁéﬂbﬁi(ﬁs/&%mﬁ receptor
al pha expression wth loss of IL-5 responsiveness, but up-regulate IL-3
recept or al pha expression. Jl munol . igp3 Jun 1;170(1 1 :5359-66.
(allergic inflammation) I1L-4/1L-2 1L-4"synergistically enhances both IL-2-

and | L-12- i nelusrd dnﬁh%g\@@@%lli SRS WAL alsh aTM b NEnd HNES] $hSy s@s r@%ien 2003

Mar 13 [ Epub_ahead of print -4/ 1TL-5 Enhanced mast cell hista et c.
secretion i Bl genfgmingthe el specifielty lof the avijhadifrremends Joissmction bfproteired i n

bul | ous penphi gQi I f - L ' t enesi.s .af the
di sease. Int Jlg%hﬂﬁﬁ%%gtﬁvglﬁb léernlrtr;eéé?.ﬁﬂ%QQF%adﬂﬂ%Hﬁ‘fgﬁﬁn&gﬁoééfq V?“ﬁ‘- 4/ 1L-6
M4/ 1 L-10 | Lpghiol INFe waSypnebed ivathi dual spesifiec¥i Cnsnd eV e Fabnfterframennadil and

I nterl eukin-4. i A.SU r rol.iferation of primtive h t.opoi etic
progeni t%r sa]g w%hcaeapr%f)g)gﬁ% a%ﬂd&%gﬁﬁ&t %B%Eﬂ?rmnzﬁécﬁ%'ﬁg%? ve'a similar

PCT/ GB2003/ £ig28@4 tA2 BLISK9 Bofhethe lﬁalgﬁ)(eﬁ)ig 2Ad Sofidol dAb-wWérk |usécgt0 ﬁbﬂérﬂ%ﬂ stic
effects of -A and .l |-18 on 11-12-dependeni_|FEN- pr.oduction by

dendri ti o P B in i dreseii o0 Fhie 2waas 4) ey TOA | THL G & theiduahns

di fferenti aipecifiy wlllwds feiel PySthbeahhy 567ANGH GRS «iPRfl in he dAb 3K Whe ndt -

2- i nduced IFI\I—{eganarﬂa&s fg)l(qpres& on in murine NK cells. Blood. 2003 Mar 13 E
"ub ahead of efqefiehall (e figurq 1983 Thesame peqtein yag plse prtdnto shegserptartaasay &l n- 13
~signali iy CRRNAREJUE MSABAS coRpLRNRhy RS wht b 2000 382503 0cp. Thitl | er gy,
asthma) Inhibition of the IL-4/1L I3 receptor_ system prevents “allergic

" sensi ti zat i GHonglratesothet birding of AP de thst duphepecific e rcgyppitiive withy bindingdiel f or
allergic asphgpgg. JAllergy din Lnnmunol. 2003 Jun; 111 6 :1361-1369.
IL-4/1L-16" (asthma) Interleuldn (IL)-4/1L-9 and exogenous |L-16 induce

| L-16 production by BEAS-2B cells, a bronchial epithelial cell line. Cell
bnnunol . 2001 Feb 1;207(2):75-80 M4/I1L-17 Interleukin(lL)-4 and IL-17

synergistically stinulate IT" 6 secretion in
15 Example 12.

Creation of a Vk- Vi dual specific cys bonded dual specific with specificity for

mouse serum albumin and TNFa

20  This example describes a method for making a dual specific antibody fragment specific
for both mouse serum albumin and TNFa by chemical coupling via a disulphide bond.
Both MSA16 (from example 1).and TAR1-5-19 dAbs were recloned into a pET based
vector with a C terminal cysteine and no tags. The two dAbs were expressed at 4-10 mg
levels and purified from the supernatant using protein L-agarose affinity resin (Affitiech,
25" Norway). The cysteine tagged dAbs were then reduced with dithiothreitol. The TAR1-5-
19 dAb was then coupled with dithiodipyridine to block reformation of disulphide bonds
resulting in the formation of PEP 1-5-19 homodimers. The two different dAbs were then
mixed at pH 6.5 to promote disulphide bond formation and the generation of TAR1-5-19,
MSA16 cys bonded heterodimers. This method for producing conjugates of two unlike
30  proteins was originally described by King et al (King TP, Li ¥ Kochoumian L
Biochemistry. 1978 voll7:1499-506 Preparation of protein conjugates via intermolecular
disulfide bond formation.) Heterodimers were separated from monomeric species by

cation exchange. Separation was confirmed by the presence of a band of the expected




human col onic nyofibroblasts. Int JMl Med. 2002 Nov; 10(3)831A - doEut
inflammation) IL-4/1L-24 1L-24 is expressed by rat and human nmacrophages.

| mmunobi ol ogy. 2002 Jul;205(3):321-34. |L-4/1L-25 Abstract New I L-17

fam |y memggy sobfosgi®t € Thl or Th2 responses in the | ehIdoddoYds f unction
of the novel cy‘{?{) Ine |1L-25. Jbnnunol. 2002 Jul 1;169(1):443-53. (allergic
i nfl ammati on) Abstract Mast cells pro yce i nterl eukin-25 upon Fcepsilon

Rl -nmedi ated activation. Blood. 2003 1;101(9):3594-6. Epub 2003 Jan 02.
(allergic igpbklamabs gn) 'Ilhlc'rés/ugﬁ terRABEAGkoibd WA QKT éle'"[ﬁ\ﬁﬂlce@% or
interleukin 6 production by endothelial cells: synergy wth interferon-
ammi a.  Eur Jésfsyiandfountigg hayeasn IG501for oquirplising TNE-of ag@pxiniédy | & aMn Ndxt,human

17057 0. REvre Froafrie el Ak ARdpthichof MR RaTER LT

| L- 3, |L-5,adhdofikrEshf MSdcad HIA. dilphaesehei of HSpat @ssigenf bynceytraichang@s: | L- 3,

118"+ dhpatet DBl ohf S apneipa SEEUALOTHP P GOBLE B G, °°°

Jlmmunol . R&OSrer] ule ddditid(fNMSEIalsclita ddsdldegandint redubli@imiht @biliseef st r act

IL-5/1L-6 1L-5/]L-13. ihitio .allergic air i-nf tion and

ai r way hyp‘lé.ﬁnP’é{"p‘Bﬁ’gft\?ﬁé’é&W #h)g[iﬂsb‘%ﬁn@é‘%éaﬁ%‘tth%f:@ﬁg:mﬁ BEOERRLS HBphi | s,
IL-5, . eot airding Ee dyk bdkled PAR 10516 N9ALGBMRl 2003 Ma ; 111(5):1049-61.
IL-5/1L-17 Interleukn-17 orchestrates the granulocyte influx into airways

after allergen inhalation in a nouse nodel of allergic asthma. Am JRespir
Cell Mul DBdahSudd@3yJan; 28 1 :42-50. IL-5/1L-25 Abstract New | L-17 famly

menbers propote Thl .ar. Th2.responses in the ~... Jlung: i.n vivo.function of
The novel . <y PURPHY of Rets BBfing AR eaistiote 1 foth i Thonoie Bisien P ot ¢

i nfl ammat i coekh indsdex dct Mast cel | s produce interl eukin-25 upon Fcepsilon

Rl - nmedi ated activation. Blood. 2003 May 1;101(9):3594-6. Epub 2003 Jan 02.
(allergic inflanmation) IL-5/1FN-y Differential regulation of human

eosi nophi | A1l p@blicktion?, mamtdnsdMiClie pleesif Rbevifictioh) dmahRdeRP CRES P BaidY

cytokines: 1L-3, IL-5, and, G\ CSF . . ) o
15 publications, are herein incorporated by reference. Various modifications and variations

of the described methods and system of the invention will be apparent to those skilled in
the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments, it
should be understood that the invention asr claimed should not be unduly limited to such
. 20 specific embodiments. Indeed, various modifications of the described modes for carrying
out the invention which are obvious to those skilled in molecular biology or related fields

are intended to be within the scope of the following claims.




down-regul ate IL-5 receptor al pha expression with | oss of
responsi veness, but up-regulate IL-3 receptor al pha expr@é?Sﬂ“beﬁ%%nol
2003 Jun 1;170(11):5359-66. Alley is inflammation) LL-6/1L-10 ILr6/1L 11

| L- 6/ 1L-16wd fbblob@ski N-16 stimul ates the expression apdrerRdifbdeen of pro
28 Decenber 2006 WD 2004/ 003019 PCT/ GB2003/ 002804 1271;]@1' %ﬁarrmat ory

cytol dnes by human nonocytes. | munol ogy. 2000 M ;100 1 :63-9. IL-6/1L-17
Stinmulati on of airway mucin gene expré@%ion by interleukin (IL)-17 through
| L- 6 paracrine/autocrine | oop. /Biol 2003 May 9;278(19):17036-43. E
pub 2003 MaAngex1; Mm?d?sﬂhlawq“éﬁh“%&ﬁ%‘f”l L-6/1L- 19 Abstract IL-19
-induces production of IL-6 and TNF-al pha and results in cell apoptosis

t hrough TNF-al pha, Jl nmunol. 2002 COct 15;169(8):4288- 97. I1L-6/1FN
| L-7/1L-2 Alphaeiﬁh&kvmtem&%ﬁmsogimfﬂler sus- host di sease. Bl ood. 2002 Cct

1,100(7):2 gistic effects of IL-7 and IL-12 on hunan
T cell act |é‘ﬁ§1fl| ﬁ?}]adfméﬁolp%x%& May 15;154(10):5093-102. |L-7/1L-15
Interl ew dMIiShahdnﬁmypeirﬂ(M)n- 15 regul ate the expression of the bcl-2 and
c- nyb genes jn ta s J-cel ma cells. Blood. 2001 Nov 1;

98(9) : 2778- @ﬁi‘a' ﬁgleg‘ﬂ%’i‘c(gﬁ"&?mm)Wn Abnor mal production of

i nt erl euki nAl hd.)Mb.&rogmdulhrL(A&M)w pol ycyt haem a vera. Cytokine. 2002 Nov 21,
20(4):178-83. The Role of IL-17 in Joint Destruction. Drug News
Per spect . Zﬁ‘éﬁhm g‘ﬁ‘lhfgzi‘%)mh 23. (arthritis) Abstract Interleukin-17
stinul ates ghgpeproeRsysiiqapofa-int erl eukin-8, growth- rel ated oncogene- al pha,

and granul ocyt e-col on‘K stinulating factor by hunman airway epithelial
cel I's. ¥m JxodipiofeBI(APME) Bi ol . 2002 Jun; 26(6): 748-53. (airway

i nf I anmat i (}Ebtibnﬁér GHbbutinBeAM)euki n-8: an autocrine/ paracrine growh factor
for human mat opofetic progenitors acting in synergy with col ony

sti mul at i ndCdreloplagmin (Cp)
Complement Component (C3)

Complement Component (C4)

15 C1 Esterase. Inhibitor (C1 INH)
C-Reactive Protein (CRF)
Cystatin C (Cys C)

Ferritin (FER)
' Fibrinogen (FIB)

20  Fibronectin (FN)

- Haptoglobin (Hp)

Hemoﬁexin HPX)
Immunoglobulin A (IgA)
Immunoglobulin D (IgD)

25  Immunoglobulin E (IgE)
Immunoglobulin G‘(IgG)
Immunoglobulin M {IgM)
Immunoglobulin Light Chains (kapa/lambda)

_ Lipoprotein(a) [Lp(a)]

30 Mannose-bindign protein (MBP)
Myoglobin (Myo)

Plasminogen (PSM)
Prealbumin (Transthyretin) (PAL)




1 to pronote nonocyte-nmacrophage gromh and differentiati mat ol
1999 Jan: 27 1 28-36. |L-8 VGEF |Intracavitary VEGF, bFG:,Z%?{"‘P%E%‘%fE@%z
|l evels in primary and recurrent nalignant Noma. JNeurooncol. 2003 Ma ; 62(3
: 297-303.  Nko Sodbastho Anti-interleukin-9 antibody treatF@ﬂth@ hiBkdyS @i rway
i nfl anmati on ané hyperreactivity in nouse asthma nodel. Am JRespir Crit
Care Med. 2002 Au 1;166(3):409-16. I1L-9/1L-5 Pul nonary overexpression of

| L-9 induces Th2 cytoki ne expression, Ifeading to i mune pathology. JCin

| nvest. 2002 'R - 29- Tb2 cytokines and asthma. Interleukin-9 as
a therapeutigé?ggégg&% F%58?§%%2 RespirRes. 2001; 2(2):80-4. Epub 2001 Feb
15. Revi ew. Rbagmatpiddactbon{RID| eukn- 9 enhances interl eukn-5 recept or

expressi on, i f ntiakien, and survival of human eosinophils. Bl ood.
2000 Sep 1§Fg%l%§&§T%%?%%ggsthna IL-9/1L-13 Anti-interleukin-9 antibody
treat ment i iShiubletTrardéerin®ecépadrl(@rmpt i on and hyperreactivity in nouse asthma
nodel . A?1J595%%rh§ﬁjt Care Med. 2002 Aug 1;166(3):409-16. Direct effects
of interPeukfA=TSE Jf:’epithelial cells cause airway hyperreactivity and
mucus overproduction in asthma. Nat Med. 2002 Au ;8 8 :885-9. IL-9/1L-16
See IL-4/1L-16 1L-10/11 2 The interplay of interleukin-10 (IL-10) and
interleukin-2 (I1L-2) in hunoral inmune responses: |L-10 synergizes with
1L-2 to enhance responses of human B | ynphocytes in a nechani smwhich is
different fromupregul ation of CD25 expression. Cell bnmunol. 1994 Se ; 157
2 :478-88. 1L10/1L-12 1L-10/TG0 [1L-10 and TG beta cooperate in the
regulatory T cell response to nmucosal allergens in normal imunity and
speci fic i munot herapy. Eur J [Inmunol. 2003 Ma ;33 5 :1205-14. IUQIFN 28
Decenber 2006 WD 2004/003019 PCT/ GB2003/002804 128 |IL-1 IAL-6
Interleuldn-6 and interleukin-I | support human osteoclast formation by a
RANKL- i ndependent nechani sm Bone. 2003 Jan;32(1):1-7. (bone




resorption in inflammation) IL-11/1L-17 Polarized in vivg expre55| on of
IL-11 and IL-17 between acute and chronic skin | esions. §NeFeé‘i“§§/ Win i
nrmunol . 2003 Apr; 111(4):875-81. (allergic dernatitis) IL 17 pronotes bone
erosion i n“qyﬁ | I agen-induced arthritis through 47V eceptor
activator of Ihﬂ@s%ga B |i gand/ ost eoprotegerin bal ance %@?ﬂ&rﬁ%ﬁ% 2003 WMar
1;170(5):2655-62. IL-1 i/TG-(3 Polarized in vivo expressmn of IL-1 1 and
| L-17 between acute andchronic skin Isions. JAllergy Cin Inmmunol. 2003
Apr;111(4):875-81. (allergic dermatitis) IL-12/1L-13 Relationship of

I nterl euki nA%B8%nd | nterl euki n- 13 i nbal ance with class- specific rheumatoid
factors and anticardiolipin antibodies in systemc lupus e _ematosus. din
Rheunat oL.| pA66E Ma ; A2 2TheflDeuid delevdni refePinkds- 17  Upregul ation of

i nterl eukilANE2 and -17 in acfbwmﬁfnmmte@myﬂise%@uomtdﬁcs@a@enduced
ScandJ Gast| ASBIA/EEHPE . {2003 rawn%@dé mgnmrenﬂzc price mtrnéari%mswgﬂr ﬁ’?l%gf‘? c

proliferation and act vati-8 "'"" cels- by 12 and
i nt erl euki i:ﬁém%%r‘oki ne @‘d yf“l e imihe pat foTd %vnr
St eat osi s [Caused by I|L-12 . . -“f;\_h %&; Mar; 23 3

:155-62. I{L-12/1L-23 nt'erlc&yﬁgﬂ " i han |r€terl eukin-12 i's the
critical gytokine for| autei mnumﬁnyn&g@mambmmaﬁmﬁmm&hmmmre 2003
-Feb 13;421(6924) : 744- 8. « ' ADBdnk ANF syhergiRRitdpniice tipl s@refi@rof 1L} 13 3ndothelipkoalivo] | NQ

cel lular ijmmunity. JUeukoc Imgeitatinin28§@8tidan; 73 1 :49-56. Review. |L-[2/1L-27
Abstract 'I|L-27, a hetler odi #el ¢rdNE IP@mdmd@@ﬁﬁﬁﬁﬁﬁfW““EM%m?ﬁﬂl? br ot ei n,

i nduces proliferation of ndr 1/r’éd WFC%M; f&;‘?‘?ﬁﬁﬁﬁ ™9 un; 16 6
-2 779-90. IfL-12/1$N-y IL51 | gsg];,cel S as
part of immne stimfat] o ’I"“a ﬁ;@e Sanps &Eﬁ J%éngﬁ TB TL-25

Abstract New | L-17 family rre ers prormte %ﬂer or h2 responses in the
lung: in yivo functidn of the novel cytokine IL-25. Jlmmunol. 2002 Pul 1;
169(1):443-53. (allerjgic inflammation) Abstract Mast cells produce
I nterl eukifn-25 upon Hcepsilon RI-nediated activation. Blood. 2003 May 1;
101(9):3594-6. Epub 2003 Jan 02. (allergic

: TNF ALPHA/L-2 +  Mostrelating to synergisitic activation of killer T-cells.

TNF ALPHA/IL-3 e Synergy of interleukin 3 and tumor necrosis factor alpha in stimulating
- clonal growth of acute myelogenous leukemia blasts is the result of
induction of secondary hematopoietic cytokines by tamor necrosis factor
alpha,
e Cancer Res. 1992 Apr 15;52(8):2197-201,
TNF ALPHA/L-4 e II-4 and TNF synergize to induce VCAM expressmn on endothelial cells
Implied to have a role in asthma, Same for synovium — implicated in RA.
TNF and IL-4 synergize to induce IL-6 expression in keratinocytes.
Sustained elevated levels of VCAM-1 in cultured fibroblast-like
synoviocytes can be achieved by TNF-alpha in consbination with either IL-
4 or IL-13 through increased mRNA stability. Am J Pathol. 1999
Apr;154(4):1140-58
TNF ALPHA/L-S » Relationship between the turnor necrosis factor system and the serum
' interlenkin-4, interleukin-5, interleukin-8, eosinophil cationic protein, and
immunoglobulin E levels in the bronchial hyperreactivity of adults and
: their children, Allergy Asthma Proc. 2003 Mar-Apr;24(2):111-8.
TNF ALPHA/IL-6 » TNF and IL-6 are potent growth factors for OH-2, a novel human myeloma

cell line. Eur J Haematol, 1994 Tul;53(1):31-7.
TNF ALPHA/IL-8 e TNF and I1-8 synergized with PMNs to activate platelets. Implicated in

Acute Respiratory Distress Syndrome.

o SeeIL-5/TNF (asthma). Synergism between interleukin-8 and tumor
necrosis factor-alpha for neutrophil-mediated platelet activation. Eur
Cytokine Netw. 1994 Sep-Oct;5(5):455-60. (adult respiratory distress

syndrome (ARDS))

TNF ALPHA/IL-9

TNF ALPHAIL- » IL-10 induces and synergizes with TNF in the induction of HIV expression

10 in chronically infected T-cells.

TNF ALPHA/L- s  Cytokines synergistically induce osteoclast differentiation: support by

11 ' immortalized or normal calvarial cells, 4m J Physiol Cell Physiol. 2002
Sep;283(3):C679-87. (Bone loss)

TNF ALPHA/L-

12




inflammation) IL-15/1L-13 Differential expression of intgreukhu,
and IL-15 in ectopic and
wonen.

and nor nal

fertile

Am /Re rod | munol. 2003 Feb;49(2): 75-83.

0.
eut opi ¢ endonetri um of wonen mnth endonetri osi s

L)-13

| L-15/1 L- 18yo boodoussydd | L- 16 overexpression in cutaneou§cﬁcﬁﬁkbmbygphonas

st age dependent
2000 Au

Der nat ol .

;9 4 :248-51.
| ynphocyt es and neutropbils,
ai rway neutropbilia:

170(4):2106-12. (airway inflammtion)

ncrease in nycosis fungoi des progression.
| L-15/ L-17 Abstract
i s necessBy for
L-15 as a possible trigger.
| L-15/11-21

Exp

JI mmunol .
IL-21 in Synerqgy

| L-17, produced by
Iipopolysaccharide-induced
2003 Feb 15;

W th

| L- 15 or | LTNBAIEHhances |«4+Nsgaismictica thuttstof BOAN in dekumeelifibiibastlikd T Cel | S.
Jinnnunol . | 2003 Jun 1;/170( 1&}ovBd e be achipved by TNF-2pBa in popbigptior il a2 8- pr onot es
a distinct|CD4 T cell |acti vé?fll’él‘*ﬁ %@@Pé‘“&‘iﬁ%@@%&%{ﬁ%‘e%? oductijon of
i nterl euki h-17. JBi ol Chem 4.%'5 17: 278 3 1911 02 Nov 03
|L-17/ TG--(3 Pol ari zed | n {Ff" ST iy EL g%e wden
L. cotaXin 'urgzgl n% BlLsts 20
acute and chronic skijn eshgg@3) ergy Gn nwuno
111(4):875;81. (allergic. dﬁzfe ihi4 Sid fubnouk 8/ctokis ﬂ&or—a@bﬁﬂﬁfeﬁisﬁ&m}ﬁn@d&em i fleration
and activalion of natyral Kédtakieprodetions hominntselrfibebikssnC/i28xDeleeni3edd 2006 WO
2004/ 00301p PCT/ GB2003/ 002804r; 3!@9348-12(3@%@@@¥ﬂ0@ul dn ‘1118 Cyt oki %e 1999
Nov; 1 1(11): 822-30. Abs'tréfenhcalﬁﬁﬁPBFft‘IP apn g e oBul ijn
pr oduct i(on v 11-12 im  mirf gdwﬁphwﬁwymrm&mhne (;-35 ebﬂﬁmgqsﬁyrergl sm
with IL-18 ﬁﬁﬁ”ﬁmﬁ’mm nol . B %‘égh“ﬂ“ﬂ spinecron; .ﬁ‘f"ﬁﬂp PlS“ Jei‘éﬁﬂf‘“ 21 in
Synergy Wi HR=H-tE—or 1 ERa SIS s g K and
T Cells. [/ ﬁmunop. 50(3 Junascc Tl 464n 87 ukin 18
and tr ansf piE AGEAIOW N T ACHRor ﬂ&Bﬁ'f&c{oﬂﬂﬁlﬂ%d&@J #ﬁﬂ)@iﬁ ofpddile@Ri18 inirbly Gr aves'
opht hahnopptéhy treat ed w t hepamlifl bt piidinibterototimitinulbon i RedpraiCaz B0l .| 2003 A
r;3 4 :549;52. |L-18/|FN- ABvh 200 NFar;2&$)des-67i Girvay iflrematipeut i ¢ effect ijn DBA/ 1
arthritic jrice. ALPHA amt i C@Eltion of circulating interleukin 16 with proinflammatory cytokines in
patients with theumatoid arthritis. Rkeumatology (Oxford). 2001
Apr;40(4):474-5. No absiract available.
e Interleukin 16 is up-regulated in Crohn's disease and participates in TNBS
colitis in mice. Gastroenterology. 2000 Oct;119(4):972-82,
TNF ALPHA/IL- s Inhibition of interleukin-17 prevents the development of arthritis in
17 vaccinated mice challenged with Borrelia burgdorferi. Infect rnmun. 2003
Jun;71(6):3437-42.
o Interleukin 17 synergises with tumour necrosis factor alpha to induce
cartilage destruction in vitro. Ann Rkeum Dis. 2002 Oct;61(10):870-6.
s A role of GM-CSF in the accunmlation of neutrophils in the airways caused
by IL-17 and TNF-alpha. Eur Respir J. 2003 Mar;21(3):387-93. (Airway
inflammation)
»  Abstract Interleukin-1, tumor necrosis factor alpha, and interleukin-17
synergistically up-regulate nitric oxide and prostaglandin E2 production in
explants of human osteoarthritic knee menisci. Arthritis Rheum. 2001
Sep;44(9):2078-83.
TNF ALUPHA/IL- e Association of interleukin-18 expressmn with enhanced ievels of both
18 interlenkin-1beta and tumor necrosis factor alpha in knee synovial tissue of
patients with rtheumatoid arthritis, Arthritis Rheum. 2003 Feb;48(2):339-
47.
s Abstract Elevated levels of interleukin-18 and tumor necrosis factor-alpha
in serum of patients with type 2 diabetes mellitus: relationship with diabetic
nephropathy. Metabolism. 2003 May;52(5):603-8.
TNF ALFHA/L- o Abstract IL-19 induces production of YL-6 and TNF-alpha and results in
19 : cell apoptosis through TNF-alpha. J Iinmunol. 2002 Oct 15;169(8):4288-
97.
TNF ALPHA/IL- ¢ Abstract Cytokines: T1.-20 - a new effector in skin inflammation. Curr Biol.
20 2001 Jul 10;11(13):R531-4
TNF o Ipflammation and coagulation: implications for the septic patient, Clin
ALPHA{Complem Infect Dis. 2003 May 15;36(10):1259-65. Epub 2003 May 08. Review.
ent
TNF MHC induction in the brain.
ALPHA/IFN-y Synergize in anti-viral response/TFN— induction,

Neutrophil activation/ respiratory burst,
Endothelial cell activation

Toxicities noted when patients treated with TNF/IFN-y as anti-viral therapy




28 D_ecem_)er 2006 WD 2004/ 003019 PCT/ GB2003/ 002804 130 ? exnib: gO| ogy
combi nations Target Disease Pair with CD89* Use as cyto g Mok éfﬁﬁ
recruiter all CD19 B cell |ynphomas HLA-DR CD5 HLA-DR B cell |ynphomas

Cbh89 CD 19 8 Multiplenyel oma CD138 CD56 HLA- I tipl

0 pi e
nyel oma CDgggg%g% LA-DR CD138 Lung cancer CD56 CEA P@%ﬁggﬁgﬁ?ﬁﬂnyelod
| ymphoma CD34 HLA-DR CD56 Lung cancer CD138 CEA CEA Pan carci noma MET
receptor VEGF Pan carcinoma MET recep2br VEG- Pan carci noma MET receptor

receptor |L-13 Asthma/pul monary I1L-4 inflamation IL-5 Eotaxin(s) MC
TARC TNFa I1L-9 EG-R

Fractalkine expression by human astrocytes.
Many papers on inflammatory responses — i.c. LPS, also macrophage
activation.

e  Anti-TNF and anti-IFN-y synergize to protect mice from lethal
endotoxemia.

TGF-B/IL-1 Prostaglndin synthesis by osteoblasts

IL-6 production by intestinal epithelial cells (inflammation model)
Stimulates IL-11 and IL-6 in lung fibroblasts (inflammation model)

I1.-6 and IL.-8 production in the retina

TGF-p/IL-6 e Chondrocarcoma proliferation

L-1/IL-2 B-cell activation

LAX cell activation

T-cell activation

I1-1 synergy with IL-2 in the generation of lymphokine activated killer
cells is mediated by TNF-alpha and beta (lymphotoxin). Cyfokine. 1592
Nov;4(6):479-87.

i3
IL-1/EL-4 e B-cell activation
IL-4 induces YL-1 expression in endothelial cell activation.

L-UIL-5
L-1/1L-6

B cell activation

T cell activation {can replace accessory cells)

IL-1 induces IL-6 expression

C3 and senun amyloid expression (acute phase response)

HIV expression

Cartilage collagen breakdown.

IL-7 is requisite for IL-I-induced thymocyte proliferation. Involvement of
IL-7 in the synergistic effects of granulocyte-macrophage colony-
stimulating factor or tumor necrosis factor with IL-1. J Immunol, 1992 Jan -
1:148(1):99-105.

IL-11L-7

IL-1/1L-§
IL-1/IL-10
IL-VIL-11 e Cyiokines synergistically induce osteoclast differentiation: support by -
' immortalized or normal calvarial cells, Am J Physiol Cell Physiol. 2002
Sep;283(3):C679-87. (Bone loss)
IL-1/IL-16 ¢ Correlation of circulating interlewkin 16 with proinflammatory cytokines in .
' patients Wwith rheumatoid arthritis. Rheumatology (Oxford). 2001

Apr;40(4):474-5. No abstract available.

L-1/1L-17 o Inhibition of interleukin-17 prevents the development of arthritis in
yaccinated mice chaflenged with Borrelia burgdorferi. Infect fmmun. 2003
Jun;71(5):343742.

o Contribution of interleukin 17 to human cartilage degradation and synovial
inflammation in ostecarthsitis, Ostecarthritis Cartilage. 2002
Oct;10(10):799-807.

s Abstract Interfenkin-1, tumor necrosis factor alpha, and interleukin-17
synergistically up-regulate nitric oxide and prostaglandin E2 production in
explants of human osteoarthritic knee menisci. Arthritis Rheum. 2001
Sep;44(9):2078-83.

IL-1IL-18 - e  Association of interleukin-18 expression with enhanced levels of both

interleukin-1beta and twmor necrosis factor alpha in knee synovial tissue of

patients with thenmatoid arthritis, Arthritis Rheum. 2003 Feb;d8(2):339-47.

IL-1AFN-g _ ‘
IL-2/IL-3 e T-cell proliferation
¢ B cell proliferation




CD40L I1L-25 MCP-1 TGFD IL-4 Asthma IL-13 1L-5 Bot axi TARC
TNFa |1L-9 EGFR CD40L 1L-25 MCP-1 TGFf3 Eotaxin Astr%ﬁé[?e)f:‘f_@%&am n-2

Eot axi n-3 EGFR cancer HER2/neu HER3 HER4 HER2 cancer HER3 ?g8 ;cen’g_er
2006 WO 2 PCT/ GB2003/ 002804 131 I11ER4 TNF BN R S di sease
I L-1R I L- 6%%099%8%9 TNFa RA/ Crohn's disease IL-1 a/(3 ITL-6 [IL-18 ICAM1

I L-15
125

IL-2/1L-4 +  B-cell proliferation
*  T-cell proliferation
*  (selectively inducing activation of CD8 and NK lymphocytes)IL-2R beta
agonist P1-30 acts in synergy with IL-2, IL-4, JL-9, and IL-15: biological
and molecular effects. J Immunol. 2000 Oct 15;165(8): 4312-8.

IL-2/1L-5 s B-cell proliferation/ Ig secretion
IL-5 induces JL-2 receptors on B-cells
IL-2/11.-6 ¢ Development of cytotoxic T-cells
-2/IL-7
IL-2/11.-9 *  See IL-2/IL-4 (NK-cells)
IL-2/TL-10 *  B-cell activation
IL-2/IL-12 ® IL-12 synergizes with [L-2 to induce lymphokine-activated cytotoxicity

- and perforin and granzyme gene expression in fresh human NK. cells. Cel/
: Dimmunol. 1995 Qct 1;165(1):33-43. (T-cell activation)
IL-2/IL-15 s SeeIL-2/IL-4 (NK cells)
~® (T cell activation and proliferation) IL-15 and IL-2: a matter of life and
death for T cells in vive. Nat Med. 2001 Jan;7(1):114-8.

IL-2/1L-16 s  Synergistic activation of CD4+ T celis by TL-16 and IL-2. J fmmunol. 1998
Mar 1;160(5):2115-20.

IL-2/1L-17 *  Evidence for the early involvement of interleukin 17 in human and
experimental renal allopraft rejection. J Pathol. 2002 Jul;197(3):322-32.

IL-2/TL-18 *  Inferleukin 18 (IL-18) in synergy with IL-2 induces lethal hmg injury in

mice: a potential role for cytokines, chemokines, and natural killer cells in
the pathogenesis of interstitial pnenmonia. Blood. 2002 Feb 15;99(4):1289-
98.

IL-2/TGF-p ¢ Control of CD4 effector fate; ttansfom:ﬁng growth factor beta 1 and
inferleukin 2 synergize to prevent apoptosis and promote effector
expansion. J Exp Med, 1995 Sep 1;182(3):699-709.

IL-2/TFN-y *  Ig secretion by B-cells
e IT-2 induces IFN-¥ expression by T-cells
IL-2/TFN-¢/B *»  None
IL-3/TL-4 +  Synergize in mast cell growth
¢  Synergisiic effects of IL-4 and either GM-CSF or IL-3 on the induction of
CD23 expression by human monocytes: regulatory effects of [FN-alpha and
YWN-gamma, Cytolkine. 1994 Jul;6(4):407-13.
IL-3/TL-5 i
IL-3/IL-6 - :
IL-3/IFN-y oo s IL-4 and IFN-gamma synergistically increase total polymeric IgA receptor

levels in human intestinal epithelial cells. Role of protein tyrosine kinases.
J fmmunol. 1996 Jun 15;156(12):4807-14,

IL-3/GM-CSF » Differential regulation of human eosinophil IL-3, IL-5, and GM-CSF
teceptor alpha-chain expression by cytokines: IL-3, IL-5, and GM-CSF
down-regutate EL-5 receptor alpha expression with loss of IL-5
responsiveness, but up-regulate I1.-3 receptor alpha expression. J fmmunol.
2003 Jun 1;170(11):5359-66. {(allergic inflammation)

IL-4/1L-2 ¢  IL-4 synergistically ephances both I -2- and L-12-induced IFN-{gamma}
expression in murine NK cells. Blood. 2003 Mar 13 [Epub ahead of print]
L4115 ¢ REnbanced mast cell histamine etc. secretion in response to IgE
* A Th2-like cytokine response is involved in bullous pemphigoid, the role of.

1L-4 and IL-5 in the pathogenesis of the disease. Int J fmmunopathol
Pharmacol, 1999 May-Aug;12(2):55-_61.

IL-4/IL-6
IL4AL-10
1L-4/TL-11 »  Synergistic interactions between interleukin-11 and interlenkin-4 in support
of proliferation of primitive hemnatopoietic progenitors of mice. Blood,
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1991 Sep 15:78(6):1448-51.

IL-4/L-12

Synergistic effects of 1L-4 and IL-18 on IL-12-dependent IFN-gamma
produciion by dendritic cells. J Immunol, 2000 Jan 1;164(1):64-71.
(increase Th1/Th2 differentiation)

1L-4 synergistically enhances both IL-2- and IL-12-induced IFN-{gamma}
expression in murine NK cells. Blood. 2003 Mar 13 [Epub ahead of print}

IL-4/1L-13

Abstract Interleukin-4 and interleukin-13 signaling connections maps.

-Seience. 2003 Jun 6;300(5625):1527-8. (allergy, asthma)

Inhibition of the IL.-4/TL-13 receptor sysiem prevents allergic sensitization
without affecting established allergy in a mouse model for allergic asthma.
J Allergy Clin Jmmunol. 2003 Jun;111(6):1361-1369.

IL-4/1L-16

(asthma) Interleukin (IL)-4/IL-9 and exogenous IL-16 induce IL-16
production by BEAS-2B cells, a bronchial epithelial cell line. Céll
Immunol. 2001 Feb 1;207(2):75-80

H-4ML-17

Interleukin (IL)-4 and IL-17 synergistically stimulate IL.-6 secretion in -
human colonic myofibroblasts. /ut J Mol Med. 2002 Nov;10(5):631-4,
{Gut inflammation)

I -4/1L-24

- TL-24 is expressed by rat and human macrophages. Immunobiology. 2002

Jul;205(3):321-34.

IL-4/1L-25

 Abstract New IL-17 family menibers promote Thl or Th? responses in the

Iung; in vivo function of the novel cytokine IL-25. J hnmunol. 2002 Jul
1;169(1);443-53. (allergic inflammation)

- Abstract Mast cells produce interleukin-25 upon Feepsilon RI-mediated

activation. Blood. 2003 May 1;101(9):3594-6. Epub 2003 Jan 02. (allergic
inflammation)

TL-4/TFN-y

* Abstract Interleukin 4 induces interleukin 6 production by endotheliatl cells:
__synergy with interferon-garoma. Eur J Immunol, 1991 Jan;21(1):97-101.

IL-4/SCF

Regulation of human intestinal mast cells by stem cell factor and IL-4.
Immunol Rev. 2001 Feb;179:57-60. Review.

| IL-5/11L-3

Differential regulation of hauman eosinophil IL-3, IL-5, and GM-CSF

teceptor alpha-chain expression by cytokines: IL-3, IL-5, and GM-CSF

down-regulate IL-5 receptor alpha expression with loss of IL-5
responsiveness; but up-regulate IL-3 receptor alpha expression. J fmmunol.

JL-5AL-6

2003 Jun 1:170(11):5359-66. (Allergic inflarnmation see absiract)

IL-51E-13

Inhibition of allergic airways inflammation and airway
hypemesponsiveness in mice by dexamethasone: role of eosinophils, IL-5,
eotaxin, and IL-13. J dllergy Clin Immunol. 2003 May;111(5):1049-61.

IL-5/IL-17

Interleukin-17 orchestrates the granulocyte influx into airways after
allergen inhalation in a mouse model of alergic asthma. Am J Respir Cell-
Mol Biol. 2003 Jan;28(1):42-50.

IL-5/IL-25

‘Absiract New IL-17 family members promote Thl or Th2 responses in the

lung: in vivo function of the novel cytokine 11.-25. J Immunol. 2002 Fal .
1;169(1):443-53. (allergic inflammation)

Abstract Mast cells produce interleukin-25 upon Feepsilon RI-mediated
activation. Blood. 2003 May 1;101{9):3594-6. Epub 2003 Jan 02. (allergic
inflammation)

IL-5/IFN-y

IL-5/GM-CSF

Differential regulation of human eosinophil IL-3, IL-5, and GM-CSF
receptor alpha-chain expression by cytokines: IL-3, IL-5, and GM-CSF
down-regulate IL-5 receptor alpha expression with loss of IL-5
responsiveness, but up-regulate IL-3 receptor alpha expression. J Immunol.
2003 Jun 1:170(11):5359-66. (Allergic inflammation)

O-6/IL-10

IL-6/1-11

IL-6/I~16

Interleukin-16 stimulates fhc expression and production of pro-
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mul ti-specific Tlgand conprising, preferably consisting o nuﬁtlple of
antigen binding sites, each binding site being provided by a single first
bi ndi ng donmai n, each binding site havi®¥j binding specificity for a first
antigen and a second bi nding domai n/s having binding specificity for a
second antigen, wherein the second binding domain is a non-inmmunogl obujin
(1g) domaijn and wherein t hafldimatiyegolddes btremaevonesbimdiolrgy. 80fei n t g the
second antligen increages thMashi@0@) @i e of the ligand.in vivo. 2. A

NN ON

mul ti - spedi®H&; gand | of 'CIW&EO%WQIHWPW@B?@EWW?P%S imlddfai n ifs a
bacterial | receptor. 3. %ﬁﬁﬁ oop U i[ndi ng
f iy 200 Her ei n

domai n Corqgﬁﬁ§§1ﬁ*1ﬁ
t he second bindi'ng dot

IL-6/IFN-g
IL-7/iL-2 : o Interleukin 7 wotsens graft-versus-host disease. Blood. 2002 Oct
1;100(7):2642.9.
IL-7/IL-12 ¢ Synergistic effects of JL-7 and IL-12 on hmman T cell activation. J
- Immunol. 1995 May 15;154(10):5093-102.
IL-7/IL-15 o Inferleukin-7 and interleukin-15 regnlate the expression of the bel-2 and c-
' myb genes in cutaneous T-cell lymphoma cells, Blood. 2001 Nov
1;98(9):2778-83. (growth factor)
IL-81L-11 e - Abnormal production of interleukin (IL)-11 and IL-8 in polycythaemia
' : ‘ vera. Cytokine. 2002 Nov 21;20(4):178-83.
IL-8/IL-17 s The Role of TL-17 in Joint Destruction. Drug News Perspect. 2002

Jan;15(1):17-23. (arthritis)

e  Abstract Interleukin-17 stimulates the expression of interleukin-8, growth-
related oncogene-alpha, and granulocyte-colony-stimulating factor by
huran airway epithelial cells. Am J Respir Cell Mol Biol. 2002

. Jun;26(6):748-53. (airway inflamroation)

IL-8/GSF s  Interleukin-8: an autocrine/paracrine growth factor for human

: hematopoietic progenitors acting in synergy with colony stimulating factor-

1 to promote monocyte-macrophage growth and differentiation. Exp

Hematol, 1999 Jan;27(1):28-36.

1L-8/VGEF » Intracavitary VEGF, bFGF, IL-8, IL-12 levels in primary and recurrent
malignant glioma. J Neurooncel. 2003 May;62(3):297-303,
IL-9/1L-4 s  Anii-interleukin-9 antibody treatment inhibits airway inflammation and

hyperreactivity in mouse asthma model. 4m J Respir Crit Care Med. 2002

Aug 1;166(3):409-16.

IL-9/1L-5 s  Pulmonary overexpression of IL-9 induces Th2 cytokine expression,
leading to immune pathology. J Clin Invest. 2002 Jan;109(1):29-39.

» Th2 cyiokines and asthma. Interleukin-9 as a therapeutic target for asthma,
Respir Res. 2001;2(2):80-4. Epub 2001 Feb 15, Review.

e  AbstractInterlenkin-9 enhances interlenkin-3 receptor expression,
differentiation, and survival of human eosinophils. Bloed. 2000 Sep
15;96(6):2163-71 (asthma)

IL-9/11-13 s Anij-interleukin-9 antibody treatment inhibits airway inflammation and

- hypermeactivity in mouse asthma model. Am J Respir Crit Care Med. 2002
Aug 1;166(3):409-16.

¢ Direct effects of interleukin-13 on epithelial cells cause airway
hiyperreactivity and mucus overproduction in asthma Nat Med. 2002
Aug;8(8):885-9.

H-9/1L-16 o See IL4/IL-16

IL-10AL-2 .« The interplay of interlenkin-10 {(IL-10} and interleukin-2 (IL-2) in humoral

immune responses: IL-10 synergizes with IL-2 to enhance responses of

human B Iymphocytes in a mechanism which is different from upregnlation
of CD25 expression, Cell Immunol. 1994 Sep;157(2):478-88,

TL-10/1L-12
11.-10/TGF-p ¢ IL-10 and TGE-beta cooperate in the regulatory T cell response to mucosal
altergens in normal immunity and specific immunotherapy. Eur J
Immunol. 2003 May;33(5%:1205-14.

TL-10/TFN-y




5. Aligand according to claim1, wherein the second bi nd] dgnai
conprises an SpA scaffold. 6. Aligand according to clagﬁﬁ%mﬁﬁ%Tgﬂﬁ t he
first binding domain conprises an affibody scaffold. 7. The |igand
claiml1, wWhes foslecséys first binding domain is an affi bog¥reBasfodasedand
according to claim1, wherein the first binding domain conprises an SpA
scaffold. 9. The ligand according to any precedi ng claimwherein th
antigen is selected fromthe group cofisisting of EPO receptor, Apo
Apo- SAA, BDNF, Cardiotrophin-1, EG-, EGF receptor, ENA-78, Eotaxin
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first Dbijndi ng domai | shar gs4difker4paAR, epi tope binding specificity. 3. A
“nmul ti-specific |igand aceomndiwagAtSiqarde RTecRipogotak ailorensy. ildde fir st
antigen bjinding domgi ns bisrd 2603 Fang73(1):48:0¢. Rgydaw. havi ' Les of an
epi'tope, {RA2MIATst bi[ndi ng AYswailR, dheiendjmers gdeine cenpped ofSBPAMEE t opel 14. A
“multi-specific Iigand accorpmeﬁgﬂcfuﬁswlﬁ?fﬁﬁml w0 Tedle et 2997 ndi hg
domai n bijrds—toa—tgrget Sy 1E0 '75?%%1.' om-the b%o"é"‘i‘ CRNS i a%tohggmyef atyi of 't he
fol | owi ng: R pDGR- AaT  PpcEagiss Iy Spression by B d T elE b
IL-13/IL-5 *  SeeIL-51L-13
IL-13/IL-25 Abstract New FL-17 family members promote Th1 or Th2 responses in the -
Iung; in vivo function of the novel cytokine IL-25, J fmmunol. 2002 Jul
1;169{1):443-53. (allexgic inflammation)
s Abstract Mast cells produce interleukin-25 upon Fcepsilon Rl-mediated
activation. Blood. 2003 May 1;101(9):3594-6. Epub 2003 Jan 02. (allergic
inflammation)
IL-15/1L-13 o Differential expression of interleukins (IL)-13 and IL-15 in ectopic and-
" eutopic endometrium of women with endometriosis and normal fertile
women, 4m J Reprod Immunol. 2003 Feb:49(2):75-83.
IL-151L-16 s TL-15 and IL-16 overexpression in cutaneous T-cell lymphomas: stage-
dependent increase in mycosis fungoides propression. Exp Dermatol. 2000
' Ang:9(4):248-51.
IL-151L-17 s  Abstract IL-17, produced by lymphocytes and neutrophils, is necessary for
lipopolysaccharide-induced airway neutrophilia: IL-15 as a possible trigger.
J Fnmunol. 2003 Feb 15:170(4):2106-12. (airway inflammation)
IL-15/1L-21 o IL-21 in Synergy with IL-15 or IL~18 Enhances IFN-gamma Production in
Fuman NK and T Cells. J Immurel. 2003 Jun 1;170(11):5464-.
IL-17/AL-23 o Interleukin-23 promotes a distinct CD4 T cell activation state characterized
by the production of interleukin-17. J Biol Chem. 2003 Jan
17;278(3):1910-4. Epub 2002 Nov 03
IL-17/TGF-B ». . Polarized in vivo expression of IL-11 and IL-17 between acute and chronic
skin Iesions. J 4llergy Clin Fumunol. 2003 Apr;111(4):875-81. (allergic
dermatitis) .
IL-18/TE-12 s Synergistic proliferation and activation of natural killer cells by interleukin




TGF beta, TGF beta2, TGF beta3 and TNFa, human TNF ReceDEQEm&:%PQz&%”H”
TNFal pha. 15. The multispecific |igand according to any prece&?ﬁ claim
wherein the first antigen is a receptor for a cytokine listed in claim?9.
16. The muk}d i.fi,C | igand according to any precedin i ein the
second bihﬁ?%@ﬁggﬁgin bi nds to serumal bum n. 17. Thegﬁﬁkﬁgﬁ%égﬁ%ic | i gand
according to any preceding claimwhich conprises nultiple second epitope
bi ndi ng domai ns havi ng binding specifility for a second antigen, wherein
each second epitope binding domain is a non-1g domain and wherein the
bi ndi ng of the second epitope binding domain to the second antigen
“increasesfthe halT-Tife of kel drgaindsidrokirev9? N@:11(TH822¥e of a
nul ti-specific |igand| aceorabstrg Hbditan ﬂpﬂ@@@@%ﬁ@“@@ﬁ#ﬁ%ﬁﬁ”ﬂgé;ﬁFeparation
of a medicament for fhe uwwmﬁé%\%v-'m‘?é‘sﬁbwmﬁ@é%m' g6 19. The use
of a nultispecific ligand Jpel SRR IUQANL2 0, e opet stipo—of ofitiple
: . - - g Symer - 1 IL-18 Hnhahces - Production
of antigeftBithth ng sjtes, %éu ﬁﬁ ;nﬁrgn 8hd3GuRQV1 HS440Y @ Single

an e

first bingi-ngdamatnTeach neahbfcity|for a
first anti eﬁﬁﬂgﬁg a secondﬁi : é%@dh 190 yirdaédw-ibicﬂﬂi:oﬁkg:oiﬂspﬁﬁi figity for
a.second antigen, whefein thewseeere.hindbmEpdermin_is a non-1g domin

whi ch bi nfig fg@may serum protein, 1n the preparation of a nedicanment for use
i n therapyawharel n D] nde ngyakgititrberspecioctictlyi PRA/ hgthlsmeden to t he ser yim
protein i hotRBgmEChhel half-1ife of the multispecific ligand-invive. 20.
The use of a multispecific ligand conprising, preferably consisting of a
first binding domain having binding specificity for a first antigen and a
second binding domain having binding specificity for a second anti gen,
wherein the second binding domain is a non-l1g domain which binds to a
serum protein and wherein the first binding domain in isolation binds a
first antigen, in the preparation of a nedicament for use in therapy
wherein - binding of the second bhinding donmain to the serumprotein
increases the half-life of the :nultispecific ligand in vivo. 21. The use
of a nmultispecific ligand conprising, preferably consisting of a first

bi ndi ng domai n having binding specificity for a first antigen and a second
bi ndi ng domai n having binding specificity for a second antigen, wherein

t he second binding domain is a non-l1g domain which binds to serum protein
and wherein the first binding domain conprises an affibody scaffold, in the
preparation of a nedicanent for use in therapy wherein binding of the
second binding domain to the serum protein increases the half-life of the
mul tispecific ligand in vivo. 22. The use of a multispecific |igand
according to claim 21 which conprises




mul ti ple second bindi ng domai ns havi ng bi ndi ng specifici [ .a ond
antigen, wherein the second binding domain is a non-Ig 3%%%?%“&%?@ bi nds
to a serum protein. 23. The use according to any of clains 20, 21 and 22
wherein th Lotein is serumal bumin. 24. The u | to any
of clains §8§?%Hg%aﬁherein the nulispecific |igand hasﬁgﬁéﬁ%@&?%ga features
of claims 2 to 18. 25. The use according to any of clains 21 to 24 wherein
the multispecific ligand conprises a ##ltiple of first binding domains. 28
Decenber 200 [ 6. The use of a ligand according to any of clains 1 to
18 in the przg%%e%g%'igdlﬁo%gy‘éom H®BSment for use in therapy. 27. A

phar maceuti cal conposition conprising a nultispecific ligand according to
any of cl %ﬂp e 1§.and-a pharmeceutical ly acceptabl e excipient, carrier
or dil uentf eHEheaeid-encoding Laingliht | speciffc |igand according to
any one oftrarms—t Yect

s ycgistotiogellveqrutier ol ol eompr+si-ag nucl ei ¢ aci d according
to clai m Z&piB0. A NPedl rkhomaL OTTPT T ST e —vector—pgccording to clai m 30.
31. The uge of a mujtispecific ligand @agcording to any one of clainms 1 to
18 in the | HamK act UB elopiemaedi camenicdse pr ovi de sjuperior avidity binding
to the firnqst antigeh and to increasg ame half-life of the nuitispecific

l'igand or 132 A dual -specifli®3 i gand conprising a first, heavy
chain inn&gggiobuliHMQWWUP@thriabIe #fai n havi ng a binding specificity
to a firsfy epitope or antigen and a S I |l ight chain single variable
domai n hayicbfsa DI NN e tibG g gRsond—epttoge or antigen, herein
binding to one or |poth of said anti demssor epitopgs acts to increase the
‘half-lifelaof _the ljjgand in vivo and wheaem said fjirst and second donains
are not a|fRBE¥y chailnnacarcirabl e domai pC@a@ [ i ght chdin variabl e domain

whi ch shate—the sa ificity pro@Bded that saild dual specific Iigand
A g

does not CoR&I st of IpRSR \/H dﬁﬁﬁin and an gnti-B gal act osi daseVk

domui n. 3Bepsy duat— SEEGLLLC T oand aftbféﬁng t-o—elgdi m 32 wherein the
28

vari abl e gdomai ns arje provided as an I body scFv |fragnment. 34. A
dual - spec| €8x T 1 garnaec@sd Ng 10 Cl diMBrasep@dcr €l it he vari abl e donains are
provi ded A¥EGEAN ant|iPeodyindsab reqi on. | BT rlepiodUr cndi n | gG i munogl obul i n
conpri si ngV&Rual dpecdakinen:| i gand of | peecedi ng| claim 36. A four chain
IgGirmunﬁfM%#iﬂ ' i in gaid I gG

13 Asthma/pulmoniary L4
inflammation Ir-5
Eotaxin(s)
MDC

TARC
TNFo
1L.-9
EGER
CD40L
IL.-25
MCP-1
TGER

-4 Asthma i IL-13
1L-5
Eotaxin(s)
MDC
TARC
TNFe,
L9
EGFR
CD40L
1.-25
MCP-1

' TGFB
Eotaxin Asthma iL-5
Eotaxin-2
Eotaxin-3
EGFR cancer HER2/meu
HER3
HER4
HER2 cancer HER3




conprises two dual specific ligands, said dual specific | jgands being
identical in their variable domins. 28 December 2006 f%gﬁgﬁamh5¥% r
chain 1gG i munogl obulin according to claim 35, wherein said | gG conprises
two dual s@esiefiBobi gands, said dual specific |igandspp@igagecdiodk@r ent in
their variable domains. 38. A ligand conmprising a first inmmunogl obulin
single variable domain having a first gﬂtigen or epitope binding
specificity and a second i mrunogl obul i i"'si ngl e vari abl e donai n having a
second antigen or epitope binding Speqigergi Ty whereirn one or both of said
first and $&¥8Hd var|iRalilrehn’sdisaami NS DI NAL{® an antigen or epitope which
increases the half-llife of the |igand|imérivo, and €ither (i) the first and
t he secong-irureglaebulin variable dondi-tB are heavy chain variable

domai ns: ¢rNF%i) t AP disere t he seldbnalBi mrunogl opul i n vari abl e domai ns
are light jchain varli abl e domai ns. pr|d¥ided that whgn the first and second
i nmunogl obul i n varilabl e domai ns are 4df@$id VHH dojmins, the VHH donain
which is gpecific flor an antigen whid Creases the half-life of the
ligand in|lvivo doeg not bind hen egg iie |ysozynel (HEL), porcine

pancr eat i ¢lalRpha- amRlAdzen’s diate A, hCJ I BoA- T ked azo dye or S. nutans
H&X@82 cel |s.-39__Afligand accordi ng tla.-cdrai m 38, erein the |Iigand

conpri sesy :‘138%'[ an Réﬁ}svhn’ddisml id HHsRIonai ns. 40. A | i gand according to
claim 38, wherein the first and/or second variable domain is human. 41 The
dual -specific ligand according to claim39 or 40, wherein the single

vari able donains are identical. 42. A ligand, according to claimany
preceding claim wherein the first and second donains bind i ndependently,
such that the dual specific ligand may sinultaneously bind both the first
and second epitopes or antigens. 43. A ligand according to claim42,
wherein the dual specific Iigand conprises a first form and a second form
in equilibriumin solution, wherein both epitopes or antigens bind to the
first formindependently but conpete for binding to the second form 44. A
| i gand according to any preceding claim wherein said first and second
epitopes are present on separate antigens. 45. A ligand according to any
one of clainms 32 to 43, wherein said first and second epitopes 28 Decenber
2006 139 are present on the same antigen.




46. A dual -specific ligand according to any precedi ng cl g,m wherejn the
vari abl e domains are non-coval ently associated. 47. A dggﬁ}%ﬁﬁg’@i#ﬂé | i gand
according to any one of clainms 32 to 45 wherein the variable regions are

covalently associated. 48. A dual -specific @&) erein the
coval ent association is nediated by disul p*iﬁé hﬂ&f jwzﬂ Pand
accotdf ng To any-precedi-rg -e+-ai-M-—coAprising.a s 2_? g3 i abl e domain
specific for TNFa, which has a dissociation constant (Kd) “of IxI0"8 M or
| ess for human TNFa, and a Koff jsrate constant of 1x10-3 S -1 or |ess, as

determ ned by surfacé plasnon resonance. 50. A |ligand according to cl ai m 49
wherein the domain specific for TNFa is a Vg. 51. A ligand according to any

one of clains 32 to 48, conprising a single variable domain specific for
TNF receptor 1 (pb5)} whighj has| a [di ssoci atijon constant (Kd); of |x10-8 M or .
|l ess for human T " ecept 1, and a Koff rate constant of [1x10-3 s-1 or
| ess, as determn by sunflacg | pliasnon resgnance. 52. A |ligand accordi ng
to any one of claf#s|49 t¢ [5L) Mhdrein the TNFa or p55-speciffic domain
neutral i ses human .§'NFa or Firlecgptor | inja standard cell |assay with a
ND50 of 50nM or sp. 53. lfifgarjd accordimg to any one of [clains 32 to
48, conprising a ng e v lfe domain spe¢cific for TNF rgceptor 1 (p55),
wherei n the dAba ni s g aqtivity of the TNFreceptor 1 ina
standard cell assgg th 0 cf 9100 concentgjati on of ?10M
t he dAb agoni ses|@ act | y jof 3N cep il by 55%ji n t he assay.
54. A ligand- accop Bigg to preceel n c']i‘a m CPipri si-ng &Jsingle variable
dormai n specific {forfseru g Chfras—a—dirssocigt i on constant
-(Kd) of 1nMto 500pM for p S by surface Ias n resonance.
55. A ligand accordijng to f e  SA- specf mai n bi nds SA
in a standard lijgand bi ndijngt a JC5 oflml\'ﬂ@ ooOM -- -- -
------ 28 Decenbdf 4006 140 4. R0y t ¥ dne of clainms 32
to 48 conprising & sEngl e|HAr | 4t $heaidine fBR S84, and which
conprises the ani§p I8ci d ERgubNc Y GYent & Btk by its sequence
on pages 2 and 3 |gf |[ghe skilleng E- ené%g.t% is at |east 80%
honol ogous t heretf& {57. AldFlgh i angtong 3L el 4ims 32 to 48,
conprising a ingg;e “aria% G i f‘ﬁ:g' gT gé whi ch conpri ses
the ami no acifg sqqughce—of-1-tARL ey .
cg'
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i'ts sequence on pages 2 and 3 of the sequence |isting or , qﬁﬁﬁthat IS
at |l east 80% honol ogous thereto. 58. A ligand according %&

claims 32 to 48, conprising a single variable donain speC|f|c for TNFa;

and which conprises the amno acid sequence&ﬂbgﬁggﬁz 'fgqpl by its

sequence on page 4 of the sequence listing t | east

- -80%homel-ogots- -t-hereto-—59—A++gand-aj- eeora-rg—ig —ef -cl~a+—ﬂ$ 32 to

48, conprising a single variable domain speC|f|c for TNF receptor 1, and
whi ch conprises the am no acid sequence of TAR2- 10 identified by its
sequence on page 2 of the sequence listing or a sequence mat is at |east
80% honol ogous thereto. 60. A ligand according to any one of clains 32 to

48, conpri-si-Rg—a—stagte—variable domain specific for TNF receptor 1, and
whi ch donprises the am nolac] d sedquerjce of TAR2-10 identified by its
sequenge on page 2 of thejsepyencq |ilsting or a sequence that is at |east
90% hdgnol ogous thereto. |61} {A lijgand according to any one of claims 32 to
48, conprising a single varialhl e idomain specific for TNF receptor 1, and
whi ch qonprises the am nojac}d sequence of TAR2-5 identified by its
sequende on page 1 of thejsepyenc ijsting or a sequence that is at |east
80% hdnol ogous thereto. %% A&l i gamd according to any one of clains 32 to
- 48, conprising a single vgﬁlatﬁé ofdi n specific for TNF receptor 1, and
whi ch donprises the g@m no gc d2sequerice of TAR2-5 identified by its
sequenge on page 1 of the eqtﬁnc litsti ng or a sequence that is at |east
90% honpl ogous ther&to. P8 pd8enblef {2006 141 63. A ligand according to
‘any ong of clains 32 to 4%, fanprijsfng a si ggl e varigbl ¢ domain specific
{i?r SA/l-and which conpris¢ he an%i aci dg geggence qf | Y5A- 16 identified by
s sd 5 it b a seq nd§ tHAS'Es llepsgt 80% honol ogous
t heretq. ng toj & gﬁ;QIalnB 3R{to 48, conprising a
single fii ¢ florn ° H ” i ch cgnpri ses the amino acid
sequencit By tts qug B n fidqurge 16 or a seqguence
that is iq8t hey gt §653§E§Eigand atdording to any one
-of clai g gan SA cirﬁ‘izec% dsi ngl g yari abl e domai n as
def i ned3 - 1266.13A | ga%?ﬂadﬁ d8ng to lapyl one of clainms 49
to 65, pher \ Jé‘ceato'_‘ 02 ds injhiqan form 67. A
“dual - Rlg--arH-g-+—htran— ot dAb and an anti-SA
dAb. ‘
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68. The ligand according to claim67, wherein the dAbs arg Canelid VHH
domai ns. 69. The ligand according to claim68, wherein tH&DsRiR0ers§fo,) pha
dAb is a TNFa specific domain as defined in any one of clains 49, 50, 52
and 56 to 58. 70. The ligand according t* claim 68, wherein the anti-SA dAb
is an SA- giNisC domain as defined in any one of clains 54, 55, 63 and
64. 71. As%a-m according to any preceding claim which conprises a

uni versal framework. 72. A ligand according to any preceding claim

conprising a V 1 : : : A (. DP45
and DP38; gl:;'md/ OH? ;rglﬁVL\égﬁglﬁ%\%r%ﬁrh%%f%Bﬁe %E’Ifé’%@%g °§\9&?‘ig“§%éd ac@%?gg ?\%gt o]
any pr eceditpy cechdindingtsite heispproridedby a sibgln dirsh hinding dothain, aclybinding site havigpgnd.
74. The |igaf £l:@iem 7, ay}p-ge;]' ' Laand:0iLndi [ '

sel ected frorln E‘:l_gérnguf&pa%gnsfst?hgag 8%‘?@{;%%& ,ai pr ogg’lgr?&éhggﬁégcg g)l%n G
75. A | i gangcadaotiginngharein fisyscpmd badingglogiatui ism wheiahwmoglobuiin Gandmenmpdi ses
a vari abl oA R i : : I L-00S: h Sh . am no
el d sequansa PRt of the3ASpR iR Sol BIFHD 5o R DR ERIRL hEhELAT
sequence dheligagdimndgpondi ng framework regi on encoded by a human gerniine
anti body gene segnent, or the am no acid sequences of one or nore of said
framework regions collectively conprises up to 5 amno acid differences
rel ative t% the amitihepeaifi diggulgeferiaion 1 ofherdn thecwseond pietinti demdin dnewheetkrial egi on
encoded b;fegé?tlayrran germ i ne anti body gene segnent. 76. A ligand according
to any one of clainms 32 to 74, wherein the |igand conprises a variable
domai n, wherein the am no acid sequences of FW, FW, FWB and FW are the
same as the am [ : f j ; [

ncoded by a hoa R R s SRR MOATE A St 29,080
sequences of FW., FW2, FWB and FWI collectively contain up to 10 am no

aci d di ff ar encese fighl ¥an! 0 whBein A R0, ABMiBAGHENGER ipggor T espondi ng
framewor k regi ons encoded by sal 3 uman germ’ine anti body gene segnent. 77.
The ligand according to claim75 or claim 76, which conprises an anti body
vari abl e domai Mol . B i : ’m& { d
sequences%bf sg\i ggﬁgﬁﬁr@%ﬁﬁaﬁv\%ar et eseé%e&ﬁz}%ngt ﬁcg&éﬁmbﬁn acsin%1 A
sequences S¢ffoldor r espondi ng framework regi ons encoded by human gerniine
anti body gene segnents. 78. The ligand according to any of clains 75 to 77,
wherein said human gemdi ne anti body gene segnent is selected fromthe
group con$i sti iy lignndopacprdimpis clamg @ H%@IGDPK@. firgp bindidgi gemefnacwapridgésngn t o
claim32 g8y Whgsngi n the or each heavy chain variable domain is not a
Canel i d i nmmunogl obulin vari abl e domain. 80. The |ligand according to claim
32 or 38 conprising at | east one heavy chain variable

7. The ligand of claim 1, wherein the first binding domain is an affibody.

8. A ligand according to cla'_im I, wherein the first binding domain comprises an SpA
scaffold. -

9. The ligand according to any preceding claim wherein the first antigen is selected from the

group consisting of EPO receptor, ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor,
ENA-78, Eotaxin, Eotaxin-2, Exodus-2, EpoR, FGF-acidic, FGF-basic, fibroblast growth factor-
10, FLT3 ligand, Fractalkine (CX3C), GDNF, G-CSF, GM-CSF, GF-$1, insulin, IFN-y, IGF-I,
IGF-1I, IL-le, IL-1B, IL-2, I1-3, IL-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9, IL-10,
IL-11, IL-12, TL-13, IL-15, IL-16, 1L-17, IL-18 (IGIF), Inhibin ¢, Inhibin B, IP-10, keratinocyte
growth factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,
. monocyte colony inhibitory factor, monocyte attractant protein, M-CSF, MDC (67 a.a.), MDC (69
 aa.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.), MIG, MIP-la,
MIP-1B, MIP~30t? _ MLP-3B, MIP-4, myeloid progenitor inhibitor factor-1 (MPIF-1), NAP-2,




domai n that does not contain one or nore am no acids that E;e ﬁ%fgg;ic to
Canelid inununoglobulin variabl e domai ns as conpared tozﬁ e mai ns.
81. A nethod for producing a |Iigand acc%éding to any preceding claim
conprising a first inmmunogl obulin sindi vari abl e domain having a first

bi ndi ng spestbsici NaLaG] 23 AU | s pB) Fabl e
domai n havin a’gg%gﬂggﬁﬁhgﬁﬁa EBS%? |c%ty, bggg%%egg?hP%Fpgkg:M%?i%?%g
speci fi ci tHR¥EF-BB; %4@%%@5:@1)%@)@, SPORIBCYE, BCGRI stdm tellcfresord 8EF)L, BARBATEF 4, f e of

The Ii . . o ; N
e Il gandFGFqB,VFG"IQBZ, T@geﬁf%mg nEGHR {agﬂoﬂw&rﬁgﬁfﬁ\@fﬂ, él%ll%% re%:glo??, '&'1@19

j a
first variable donain its ability , (b
sel ect i ng T&°BleClntNN-al (TRE) ¥EBEGYBAF bperiters], XBIGFi reaepton 20V EGE teoeptor Se66R,
epi tope,  dROMARDGRON ARGy iaEd 201380 HAGH PAFER ARER Hina3@hiesL 1 NG the Iigand
by its ability to bind to said first ‘and sSecond epitopes; wherein, when
said variable domains are a heavy and a |light chain variable domain, the
heavy chairo, varmhablissRmRia i, PRGN 6:d0%%en k4dsd 8. N0t a VH domai n
speci fic for HSA 82g&% ne%%od’accor I ng to§% %in18f, wherein said first
vari able domain is selected for binding to said first epitope in absence
of a conphenentrag Ymyigkieail e gRARLN - anP 3prefaliB! ifli Cnfd] ,
wherein said firsthaﬁ%ableI%%hqinz?g %gé%c egg?%?&%?% iﬁg hﬁg*@ﬁ%ﬁ’ﬁfrst
epi t ope i BElEHE fows dhicrap gonskstipgl of o hyhasent aniyaly prdteins, ecytidkings.n cytekinhi ch
sai d thfrﬁxqm%gkﬁgh%&ngﬁgh;ﬁaggQ&ﬁﬁgﬂ%hﬁﬁlghﬁ jd second variabl e domain.
84. Nucleic acid encoding at |east a dual-sg cific ligand according to any
one of clains 32 to 80. 85. A nucleic acid according to claim &84,
compr i Si ngz.t NeANGHE fecel HesA04ERARD o TAT pRcobding | ARRE Ivilchh Dohoh { i
sequence on_pggfs,Z and 3 of the sequence li sting or a sequence that 1s at
| east  70YPHiBEBIEBLhares fssameepitgpe binding sppaificityaci d according to clai m 84,
conprising the nucleic acid sequence of TARL-5 identified by its sequence
on page 3 of the sequence listing or a sequence that is at |east 70%
horl ogou’3-t hefdtdti-sigvific Keppdacenrdngioiany preesdingiclim piersindherfiguantigerhinding ng
the nucl ejdinaaithdSLEERGSentavik Bl le cob 0 dnl dpRGbeDdre it pRAAYABGANORLRACe 4
of the sequence listing or a sequence at 1s at [ east o _honol ogous
t her et o. ®acifinforspid enitePaici d according to claim 84, conprising the nucleic
aci d sequence of TAR2-10 identified by its sequence on page 2 of the
sequence |isting or a sequence that is at |east 70% honol ogous thereto.
89. A nucl%i c A&mdi-seeifie deang aceprdingiiorpladm 13 wdmsin the firgt binding derhain bindctod
sequence t_@lfgct selected from the group consisting of any of the following: IL-5, PDGF-AA, PDGF-BB,

TGF beta, TGF beta2, TGF beta3 and TNFa, human TNF Receptor 1 and human TNFalpha.

15. The multispecific ligand according to any preceding claim wherein the first antigen is a
receptor for a cytokine listed in claim 9.

. 16. The multispecific ligand according to any preceding claim wherein the second

binding domain binds to serum-albumin.

17. The multispecific ligand according to any preceding claim which comprises
multiple second epitope binding domains having binding specificity for a second
antigen, wherein each second epitope binding domain is a non-Ig domain and
" wherein the binding of the second epitope binding domain to the second antigen

- increases the half-life of the ligand in vivo.

- 18. The use of a multi-specific ligand according to any preceding claim in the preparation of a

- medicament for 'the_ use in therapy.




TAR2- 101dentified by its sequence on page 2 of the seque | isti or a
sequence that is at |east 80% honol ogous thereto. 90. AQ%E%:%E§T%®¥d
according to claim84, conprising the nH%Ieic aci d sequence of TAR2-5
identified by its sequence on page 1 of "The sequence listing or a seguence
that is at least 70% honol ogous thereto. 91. A nucleic acid according to
claim 84, conprising the nucleic acid sequence of 28 Decenber 2006 144
TAR2-5 i delfki fie Wy aftas myligeesiicelissnd sargerising fpraférebly equsistio of iasmiltipleorf a
sequence thatenl lﬁmﬁﬁ% Lig@Stach %_91%?11@%5{‘9 'bQiﬂQ Sovidi8 s taos'nég 'ﬁrs‘?\bﬂlldﬁ‘lg%oﬁl fAC Fﬂg
according to claim84, conprising the nuacleic aci eﬂuenge f NﬁA—_

i denti fi ecPitsljng sits hawlge bivdiwe specificiu e alfsiopmtigensang resvendtbinging domain/d heaing 70%
horol ogousiddagy %Eﬁﬁcigrgfor A sfd SliperP ShdreRCHO %éil) ih@ng hhdt B4 nonQ8Rbpzih "9
the nucleic acid sequence of MSA-26 identified by its sequence fn I gure
16 or a setftignbiads teay serun grotain 4 the Fneraratinm phy owdicarmrst &rrgise gutherapy wherein
conpri si NGidHitel 6F eheA6denABGAME! Aihatr® (AW QHn Yrotein®inbBaLé thePnadBtite ¥ 1
vector according to claim94, further conprising conponents necessary for
the expr d8dfippcitis ligand fivsspecific 1igand. 96. A host cell conprising a
vector according to claim95. 97. A ligand according to any one of clains
32 to 80 for use in therapy. 98. A pharnaceutical conposition conprising a
li gand accfr di niget Bany drigulbtedifiai kagndcomprisign, peafiatly pleasiviae cof iac dirity
accept abl &G Rb@lh hedkd |85 sgéchﬁéﬁ?t for 98- fifty WRberSREE! { | Lcdni IR
conprising a first immunoglobulln single variable domain having b]naﬁng
speci f i ci t™rr hawne hinding pperifenn) for apdsegonsie cotigeni rivherby| b Lickands binding

vari abl e. ofRins a AtaVigMBmbh Wi ADirP /F dehurd prbtelCind Whe AP OSSR BiflnGCdofiflin/ih OM
the group consisting of EPO receptor, ApoE, Apo-SAA, BDNF, ]

Car di ot r optfiaten bindesp firstamtipee dnpthsrremangtion 8 amerdipemant o pepxinrtharapy Whaselns- 2,
EpoR, FGFa@ingi 65 teGeobiiis bﬁdin%'sdaﬁﬁﬂ S the9dclh hrdt8f L BEakSy afelifdrlite ANEe
Fractal kine (CX3C), GDNF, G CSF, GWCSF, G--01, insulin, TENy, 1G~-1,

| GFI |, | Lopdispeqificfiggang nvpvo. | -3 | L-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.),
IL-8 (77 a.a), IL-9, IL-10, IL-211, IL-12, IL-13, IL-15, IL-16, 1L-17,
IL-18 (I G F), Inhibin a, Inhibin O, |IP-10, keratinocyte growh factor-2
(KGF-2), R&F, Thepes Af 2 mtispesifp Herndcromprising | ireferably donsistisiztcdray fisubiadiaace,
monocyt e @emanYialifhbiRiihe Spécikisiet OF a ﬁrsmﬂ%%iéﬁrﬁi Plebdr@%hAe B2 Ghitn %&ﬁg MDC
(67 a.a), MDC (69 2. a.),. MOP-I (MCAF), T2, MCP-3, NCP-4, MOC (67 3 a.),
MDC (69 aSeecificiiyfag 2 sepd antigq phyreis, thepeposhbindinedgpan ige pouls dompést whigh
progeni t Obindffais roteAGh® Wwhdreit MR Arst bindidYARBadin clb%g\fiée%' b Db NS UG, Qb
factor, (3-NGF, -3, NT-4, Oncostatin PDGF- AA, - PDG-- AB,” PDG-- BB, PF- 4,
RANTES, SPepgratiogryt p(edicagent forgmem thempniberin bindénse teserond bindmg doma-ta,,

TG (3, TeesOm pFéain ifdRoasds WEMAIE RS R ShSltispecific ligand in vivo.

- 22, The use of a multispecific ligand according to claim 21 which comprises
multiple second binding domains having binding specificity for a second antigen,
~ wherein the second binding domain is a non-lg domain which binds to a serum

protein.

23, The use according to any of claims 20, 21 and 22 wherein the serum protein is

serum albumin.

24, The use according to any of claims 20 to 23 wherein the mulispecific ligand has any of the

features of claims 2 to 18.

25. The use according to any of claims 21 to 24 wherein the multispecific ligand

comprises a multiple of first binding domains.




factor (TNF), TNF-a, TNF- (3, TNF receptor |, TNF receptaqr |1, TNIL-1, TPO,
VEGF, VEGF receptor 1, VEGF receptor 2, VEGF receptor 3238epember 2y Masa,
GRO 3, GROy, HCCl, 1 28 Decenber 2006 145 309, HER 1, HER 2, HER 3 and
HER 4. 100. A dual -specific ligand compt’sing a first immunoglobulin single
vari abl e domai n having binding specificity for serumal bumn (SA), and a
second i nmunogl obul in single vari abl e domain having binding specificity
for an antdsgen Hel eetefda flighid béverddieoup agORS ickihag ©f 1HuMaRe efepadiidibf a

pr ot ei ns, %/tokl nes }/ttﬁ\kl ne receptors, enzynes, enzyme co-factors and DNA
bi.ndi ng profaeREnt Porss M Ry specific Iigand conprising a first

i nmunogl obul i n si ngI e vari abl e domai n havi ng bi ndi ng speci fici ty for serum
al bumn (SA), apd second S|nle|m'runorcilobulln1var|’? g (a havi ng

bi ndi ng sgécifii P uteal OBBPYOY SPTRIUDY ok WMBIUPReEE o IEap |a‘é‘i°Fﬂ"ég9 tO102
The | i gancngbf dhifs MO anll @Phamaddificallpacseptabiactripdnt, tchgicf dridflienand second
domains is (i) a heavy chain variable domain or (ii) a light chain

vari abl e domain. 103. The ligand of any one of clains 99 to 102, wherein
the anti - Q8. doveleft acid eAcdihe hindtthpéedific 1igayd aerdd tCangionSofrkimbbio B3 and 64.
104. Nucleic acid conprising said nucleic acid sequences as defined in any
one of clains 84 to 93. 105. A vector conprising nucleic acid according to
cl ai m 104.29. 106A vetdnoahprizeiglnudeopeid sdcagirg ty elain28. accor di ng to cl ai m 105.
107. A ligands according to any one of clainms 99 to 103 for use in therapy.
108. A pharnmaceutical conposition conprising a ligand according to any one
of - cl ai s 309 t A hdsO&liznslpmsingths veae adcbiiniglty claiecEpt abl e exci pient, carrier

or diluent. 109. A ligand conprising a VH3 i mmunogl obulin single variable
domai n, wherein said domain specifically serumalbumin with an equilibrium
di ssoci at i3én Cd}‘]lzstl&tof(d(d)ultﬁfwdfﬁSHgdnﬂGﬂ‘bcorfhhg&qumb' dne @O0faindl 1 1 Q8 A thegand

conprisin a%{k[i nolbulln i ngl e, vari abl g i n.sai d.domain
speci fi caqﬁwﬁu Hr(frm}; % Kﬁ} “afPEqdi IaYl i?}{%dg}gsé tﬁ%tﬁr&tn aAESH ant
(Kd) of | esétdihaeasethe hﬂquﬁloftha ndfi@pedific [B@ndecritteer. 2006 146 111. The
ligand of claim 109 or claim 110, wherein said ligand has a T beta
half-l1ife greater than or equal to 2.5 hours in vivo. 112. The Iigand of
cl aim 109 30r clAadmldiRificvilpend comsaing d figgndadyacham innbabddobudih fsirdgld earlabis s
than domain having a binding specificity to a first epitope or antigen and a second, light chain single
variable domain having a binding activity to a second epitope or antigen, herein binding to one or
both of said antigens or epitopes acts to increase the half-life of the ligand in vivo and wherein said
first and second domains are not a heavy chain variable domain and light chain variable domain
which share the same specificity, provided that said dual specific ligand does not consist of an

. anti-HSA Vy domain and an anti-B galactosidaseV), domain.

33. A dual specific ligand accofiding to claim 32 wherein the variable domains are provided as
an antibody scFv fragment.

34, A dual-specific ligand according to claim 32 wherein the variable domains are provided as
an antibody Fab region.
35. . A four chain IgG immunoglobulin comprising a dual specific ligand of any preceding
claim.

- 36. A four chain IgG immunoglobulin according to claim 35, wherein said IgG

comprises two dual specific ligands, said dual specific ligands being identical in their variable

. domains.




or equal to 21 days in vivo. 113. The ligand of claim 10%835eccnllbaei 580%10’
wherein said Kd ranges from300 nMto 5 pM 114. The |igan of "¢l 41 th 109 or
claim 110, wherein said Kd ranges from5 x 10' Mto 1 x 10.5 M 115. The

| i gand of claim 109 or claim 110, wher ei’f sai d Kd ranges from5 x 104 Mto
| x 10-9 M 116. The ligand of claim 109 or claim 110, wherein said Kd is
| ess than 10-9 M 117. The ligand of claim 109, or claim 110, wherein said
domai n di s¥oci at &yr ¢harkeg dnopmogidbslimiagondingto elaikio¥5t whertia said hefi eomprisds tvess
than or equalspddhicligtnds Ol diarspedite HBARIHU R MR S WdARRabIPASARN esonance.
118. The |1 gaslr)ldc of 1%?61,' m 105, Piher &1 n sﬁéglng c?rra%lnﬂ%eas aarllb an(?%o acid
sequence that is at |east 80%identical to the amm acid sequence of
MBA 16 Or HEA- 2rigahd Som: fhold %QMBO£$%?i h98 vaﬁagfel Bt Qing WHE tBhikedal d
domai n specificalTy binds human serum al buntn and nouse sertm al bum n.
120. The lor gaitapedfindingasnerificty end @iseopd imounoglebylin singejvariabbmdémpimhavinr 2 sai d
|1 gand hasdnEanil B abp<Shif) BEinde heliFor LBI oPLeidhd A1 103 Plarthdl
110, Merefnn_sg?gélsi gégnqpefurt _esrB é(l)&n%ﬁ ses one or or € . endt;li}jtjg:els1 saéfect ed
from the @poaips biadhtoianmniigen of cpitopatskich ingrepsagythe half-afe of thg liganidn vipo, andgeither
conpri sing an igymuneg) ghulha 3d SoRd VRRLAY Bl Riibie WHGLE BreSRdady LRI N
specifically binds serum al bum n and wher €l n sai omal n conpri ses a set of
four Kabat franmewor RaiablidemgingiRs) , said set being encoded by a VH3
framework  gerghy ne g kiRAdhhe 361384 RRHAM nx@fobulgl&a%&gﬁgﬁginszagglgght Uhin ofidole The

ligand of claim™122, wherein said VH3 framework is selected fromthe group

consi sting of DP47, dE)P@BS-fand DP45. 124. Aligand conprising an

| Mmunog! oBuidad Shad Win YR ird0hR SESRY #nMDAERIEA ViRl dSRATRI BreSRBGE Ve | Y

bi nds serum al bum n and wherein said domain conprises a set of four Kabat
f r amewor k dP@ginpike VAERsdomagpwvhich it speefin francotiged vijchainykessp thefthebitifne the
gennline #Biddnad%oIRBENSR DHIEHE -ead 4hii | ' 1 BhGlag: Sai d
Vkappa is %PKQ. 126, 'I'_lrlle Iiganaeg%f ctfgjgg%ylidfg@\%}i%&gﬁﬁ%gﬁri%&gggﬁﬂgg&ﬁgﬁf
Kabat f r ahB¥ofkhqeeBs diskedFddozd dpsors. myaprdGPEreller m i ne anti body gene
segment conprises up to five amno acid substitutions and/or del etions.

127. The ligand of claim 122, wherein said set of four Kabat framework
regi ons edloded Wﬂé according to claim 38, wherein the ligand comprises first and second Camelid

VHH domains.
40. A ligand according to claim:38, wherein the first and/or second variable domain is human.
41 The dual-specific ligand according to claim 39 or 40, wherein the single variable domains

are identical.

42, A ligand according to cla:m any preceding claim, wherein the first and second
- domains bind independently, such that the dual specific ligand may simultaneously bind both the

first and second epitopes or antigens.
43, A ligand according to claim 42, wherein the dual specific ligand comprises a first form
and a second form in equilibrium in solution, wherein both epitopes or antigens bind to the first

form independently but compete for binding to the second form.

44, A ligand according to any preceding claim, wherein said first and second epitopes are

'~ present on separate antigens.

45. A ligand according to any one of claims 32 to 43, wherein said first and second epitopes -




manmal i an gernl i ne anti body gene segnent conprises up to am cid
substitutions and/or deletions. 128. The ligand of cl ai %%%g?mrgﬁﬂ@r@ n said
ligand has a T beta half-life of |ess than or equal to 21 days in vivo.
129. The ligand of claim 122, wherein sd'd ligand has a T beta half-life

greater thEg I I hours in vivo. 130. The ligand of claim 122,
wher ei n sal r%glﬁ@?lr#%ﬁ%g%nﬁ%g?ea under the curve (AUC) which is less than

or equal to 600 ng/mn/mM in a nmouse. 131. The ligand of claim 122, wherein
sai d domaigy speci fLcalli¥. bi bum ' an.. equi | i bri .
di ssoci at i4§'n cg\ns{ug%?k%ﬁ%?ﬁ%% g%g%gggﬁ@g{r% %g%npr{%e%hg%aﬁl%ﬂ%ﬂ#ﬁ@.théFthemfdlﬂaand

of cl ai m Hp@aingvre nen-¢ovelgitly adenermied. specifically binds serumalbunin wth an
equi li brium di ssociation constant (Kd) ranging from5 x 104 Mto I x 10-5
M 133. The ligand of claim 122, wherein said domain specifically binds

serum al béi n Wi tiel-apecifiedligahd bedordingdiosmyoinatdf airime 32 ttardt wiédin thengiialge f r om

5 x 10-4 . - er 2006 148 134. The ligand of claim 122,
wherein sg%&é%?%a%élgig?@%g Iy binds serumalbumin with an equilibrium

di ssoci ation constant (Kd) is less than 10-9 M 135. The ligand of claim
122, whergkn saj [oYqe:T! i i ates,-f . LWt h. ate
const ant of 1 oos PhSPR SB35 EhES RIRGRL T A1 Tty SR U
pl asnon r disviphidekonds.36. The |igand of claim 124, wherein said set of four
Kabat franmework regi ons encoded by a manmalian germine anti body gene
segnent conprises up to five amno acid substitutions and/or deletions.
137. The HPgand ligang pegprinenta anypreeeding claith.cbogptising a bingle vigdble dofmaimpeefik

regi ons eRGadgd Q¥ SRR L j tr b &[T?]I(ﬁ; i ses up
to ten am%rilho acr ﬁls‘fg astl tut %lg@cgﬁ%@?ggﬂé?%%l&?g@hﬁﬁ e |0&%§ng Tclaim
124, wher &dthconstant of Ixd@ine drdess,as Fetbratined bpkirfke plasngfn thosance.han or equal to
21 days in vivo. 139. The ligand of claim 124, wherein said ligand has a T
beta half-life greater than or equal to 2.5 hours in vivo. 140. The |igand
of cl ai m 324, Adigendeiceprdiag th diovreP whivzin thdoamesspesifiefor TNEaaa Ve (AUC) whi ch
is less than or equal to 600 ng/mn/mM in a nouse. 141. The |igand of
claim 124, wherein said donmain specifically binds serumalbumin with an
equi l'i bri G di dslimindpiconlingonsinarne (kdjims 3Ade AY domprisiBH O sinlletvaridbldambain 142,
-al.-lhgulml gacmggeglfﬁg géraf N3y Pegébtor%(%gﬁl, Qhﬁﬁ‘h& adﬁ%éiﬁio%pc%ﬁgtér{t %[@J) loyl)pll(}m% op fels 4}

human TNF receptor 1, and a K rate constant of 1x1 02 s or less, as determined by surface

plasmon resonance.

52, A ligand according to any one of claims 49 to 51, wherein the TNFo or p55-specific
domain neutralises human TNFq, or TNF receptor 1 in a standard cell assay with a ND50 of 50nM

or less.

53, A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1 (p55), wherein the dAb antagonises the activity of the TNF receptor 1
in a standard cell assay with an NDs; of >100nM and at a concentration of >10uM the dAb
agonises the activity of the TNF receptor 1 by <5% in the assay.

54. A ligand according to any preceding claim, comprising a single variable domain specific
for serum albumin (SA) which has a dissociation constant (K4) of 1InM to 500uM for SA, as

determined by surface plasmon resonance.

55, A ligand according to claim 54, where the SA-specific domain binds SA in a
- standard ligand binding assay with an IC50 of 1nM to 500pM.




eqU|I|br|un1d|SSOC|at|on constant (Kd) ranging from5 x 10A Mto 1 x 10-5
M 143. The ligand of claim 124, wherein said donain spe@?ﬂqgﬁﬂpymW§nds
serum al bum n with an eqU|I|br|un1d|ssg§|at|on constant (Kd) ranging from
5 x 10-4 Mto | x 1009 M 144. The Ii d of claim 124, wherein said
domai n specifically binds serumalbumn with an equilibriumdissociation
const ant (Kd) is less than 10-9 M 145. The ligand of claim 124, wherein
sai d domai’f- di $sdigrn aecordingnios enu vpel Budkhimswid Fo 48 Kepmrisigs PesiagiBeYariz?go

149 rate GomshapdciRifol BSR, azt@-,muafco%ﬂ,u@és tltlé)anﬁna(ac;cpsequeﬁce]of'@ﬁudﬁiﬁd&hﬂi@g by
surface plasnon resonance. 146 i ga claim 122, wherein said

domai n haé’Yam SSAYHES &R Pages 8q@érﬁcef thwmwegceabst%&éta semq thainisi a dgast % he

anm no aci GomERHRRERrRS. MSA-16 or MSA-26. 147. The |igand of claim 122,
wherein said domain specifically binds human serum al bumi n and nouse serum
al bum n. 148. The ligand of claim 122, wherein said domain and/or said

li gand hag7a Ca @1|;gﬁﬂdn§écord§1\g3§oebﬁﬁone;-4)9 clati® i gang &inpﬁklﬁ% 3 élagle %@61@ n

said ligand further conprises one or nore entities sélec fromthe group
consi st i n§oBpingPsciisder TB&F% al velheh eomprisgs therapgino id segpmer @J@&lr%idﬁalﬁﬁﬁ by

epi t ope bR dbq@nstoRiphges 85 B NorSi@b Qecﬁﬁh&oﬁﬁmgldﬂcﬂ BGuerd® Mtk Rs %P?é&btf sl 1y
bi nds serum al bumi.n and conpri ses a non-i mmunogl obulin scaffold and

conpri ses EPRPLOUEHINSIANd CDR3 regi ons, wherein wherein at |east one of said
CDR1, CDR2 and CDR3 regions is froma human i munogl obulin single variable
domain. 151. The ligand of claim 150, wherein said non-inmunogl obulin

scaffol d P& seledigdl peaidinen® anyr 8t oE SHEPS 32nlg HF ©MPAsiag 3 Flﬁ@ea‘rarlalﬂe SpA,

G oEL and dbkih @{@fﬁc‘ 18r THB -and WBich icBRPGke? theGnRhdBcdDRquitbes €T ARISA identified
non-i nmunogl obul i n scaffold is the B domain of st aphyl ococcal proteln A

153. The PY #asfiuerce Op Rpen 4 8f0the faquenss Hstwgi o arseanenserivh dtptdenst §0% Bemaleaons i s
CTLA-4. 18#retolhe ligand of claim 150, wherein said CDRL, CDR2 and CDR3
regions are each froma human i mmunogl obulin single variable donmain. 155.
The ligand of claim 154, wherein said human inmunogl obulin single variable

domai n issa VHZ H%&H&laj&coré&ﬁ@to aynk bgalaﬁhscy‘z t6|4@I wn%)ﬁg’in%%% LRI VArifdd Gorhdi@and

has a T beta half-life greater t han or ual ours in vivo.
specific for TNF receptor 1, and which comprises t e ammo acid sequence of TAR2- 10 identified

by its sequence on page 2 of the sequence listing or a sequence mat is at least 80% homologous

thereto.

60. A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2-10 identified
by its sequence on page 2 of the sequence listing or a sequence that is at least 90% homologous

thereto.

61. A ligand according to any one of claims 32 to 48, comprising a single variable
~ domain specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2-5
identified by its sequence on page 1 of the sequence listing or a sequence that is at least 80%

homologous thereto.

62. A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2-5 identified
by its sequence on page 1 of the sequence listing or a sequence that is at least 90% homologous

thereto.




----------- 28 Decenber 2006 150 157. The ligand of claiim 150, wherein
said ligand.has a T beta half-life less than or equal toZ22PecqEiye290f vivo.
158. The ligand of claim 150, wherein %ng epi t ope bi ndi ng domai n
specifically binds serum albumn with equi li brium di ssoci ati on const ant

(Kd) of i3l essy HBR0 BlorEPHR ank dndQP Ql%ns_lﬁ?.gto 4§h&mh3iri@g§q sBo1eClRLIR dAfain
wherein said_epitope bindinhg domain specifically Bin seﬁun1 albumn with
an equi | i BP§cifin B Sdoandtvhinh womsiseirthe @rine acith siadence 06 MBBH6 AdantiBedsbp s 160.

The 11 gandefiondli@fifird Bor MBRIRIMLR A 150 86 ARBmBIoRd A-HpMRiI n speci fical ly
bi nds serum albumn with an equilibriumdissociation constant (Kd) ranging

from5 x 10 4 Mto 1 x 10°'5 M 161. The ligand of claim 150, wherein said

~epi tope bigadi Ny dRARY RecBRBR 10 6R) e Rif NELGmS 8LUM 48! DIPHGin £ BinBR variabl
equiIibriun1disso%iatigﬁgg%nstﬁﬁio(id) ranging frombs f E%Z Nﬁ 0 ﬁwﬁ 30-9

M 162. Tiempingassificor i qanthvibieh copnapesithe arinel acid raasense bf MEAm identidied by

Speci f i Calids Yo dbi T SREAT or 25 RIEE itk 5B: B 69%lbRENMALSSOCT ati on const ant
(Kd) of less than 10°9 M 163. The ligand of claim 150, wherein said donain

di ssociates fromserumalbumin wth a Koff rate constant of |ess than or

equal to Fsx 10 kigsdl accdmifie iy R &Y ciatlsf 9680 ¢ ASABAsIAESANBRCGrecihib4-
The ligand of claim 150, wherein sai d domain specifically binds human serum

al bumi n antelryadbledomain aa definsdl i claigs4 orhd | i gand of clai m 150, wherein said
domai n and/or said ligand has a Ctermnal cysteine. 166. The |igand of

claim 150, wherein said |jgand further conprises one or nore entities
sel ected PPom thdiggndaprortisite tapgorst of qlaime|49 o 163 viserin the WgNFag 6AF The

ligand of r@BMmoon& sof is 6l Rkd3% fob®, 122, 124 and 150, further conprising one
or nore domains capable of specifically binding a |igand other than serum

al bum n. 168. The ligand of claim 167, wherein at |east one of said one or

nore domaigns CaRARI-$edfic liBRE SRkl RI-REhRANF d&lﬂ%@ 84 Refntdyegaser um
al bumin is an i mmunogl obulin singl é variable 28 cenber 2006 151 domain.

169. The ligand of claim 167, wherein each of said one or nore domains

capabl e okg spasi figmdhdrdRisRolLiRich 67, WMt QIR brelAARIS O, UBrdiRUM N s an
i mmunogl obulin single variable domain. 170. The |igand of claim 167,

wherein each of said domai ns capabl e of specifically
: 69. The ligand according to claim 68, wherein the anti-TNF alpha dAb is a TNFa

specific domain as defined in any one of claims 49, 50, 52 and 56 to 58.

70. The ligand according to claim 68, wherein the anti-SA dAb is an SA-specific

domain as defined in any one of claims 54, 55, 63 and 64.
71, A ligand according to any preceding claim, which comprises a universal framework.

72. A ligand according to any preceding claim comprising a Vi framework selected from the

' _- group consisting of DP47, DP45 and DP38; and/or a V; framework which is DPK9.

73. A ligand according to any preceding claim which comprises a binding site for a generic

ligand.

74. The ligand of claim 73, wherein the generic ligand binding site is selected from the group

consisting of protein A, protein L and protein G.

75. A ligand according to any preceding claim wherein the ligand comprises a variable

domain having one or more framework regions: comprising an amino acid sequence that is the




bi nding a ligand other than serum al bumin binds a distin epi tope. 171.
The ligand of claim 170, wherein each distinct epitope iéggﬁgFﬂﬁpggﬁe
antigen. 172. The ligand of cIain1170,M_ erein each distinct epitope is on
a different antigen. 173. The ligand of €l ai m 167, wherein said |igand
further COgREI$@R B0 AbidRORNENST § b&FespctIng G50 whAORL I &naed By GORBlAT 1 NT
of a label, a tag, and a drug. 174. The |igand of clarm 167, wherein one of
sai d one cirAEEEndRiiges SSEREYS CBFEmianacid savsessrrione pheercoll syd figmewekor

nor e domai Bsoli BAG1iRel) BTRris8SHA6 158nash A hi#Rnced APrivd REhE LEIRP QCiQfseLfl!:&E m
167, wherein one of said one or nore donmins binds TNFa. 176. The 1igand of
cl ai m 168,°fvfieraresposding framewerk sgionggcaded Bni imamgermdige ewibofngesk prgmsntyar i abl e
dormains are in a closed conformation such that the binding of one of said

i mmunogl obul in single variable domains by its cognate epitope causes the

i nhi bi tionf®of thbedBi AderiipedP aaneernd clagss dp @4, wWhereiinbe lgasd (cpmprisehiyyasiable

vari abl e doBinD$hi¥ini the 2RO MR QRLQRE Fhi7 Fwil 18] LiePd4Qle G aki 168
wherein said at |east two of said i nmmunogl obulin single variable donmains

are in a SpEle edhrsueates of wweiponding framewpikntgiongs ehcadad byfa dyman germline

i munogl ohibddy SkitieBment adr B hiRing QBB IsBRcks bi PWEOBRAL weRhi eRe Q&SivaAPt
i nhi bit bindi ng of another of said inmunoglobulin single variable domains
by its codf#fie wepptl8seino yad diffseeness gelativedp thenymipmacigfsequengeprel ¢opsponding 124

and 150, fhiabdeB8ik r6Q6M eh@dEDby2hid Hgnh ¢SPine ARHbdy RAGdechprUNOg! obul i n si ngl e
vari abl e domai n capabl e of speC|f|caFIy bi ndi ng serum al bumin. 179. The
| i gand of claim 178, further conprising at |east one additional

i mmunogl obygl i nThe NGYaRd MBEUAR! B AR 5 CRPARLE 78f wREri bhingadds Yarbiafctoag
TNFa. 28 Decenber 2006 152 180. A nmulti-specific |igand conprising two or
mor e i nmurRAbSiAmai ompgrias Tl BB 2eand 53 regions. wad theiamning acidsegpengisel 67id s aj d

two or nomeyi, MWl Pl 4rd i) leCisMAE bt GacRIORRhdASesSHRGIEioAdihY a2
first antigen, and wherein at | east one of said two or nore i nmrunogl obulin
si ngl e varE ecoduhhyimaas sapling auibedy ssphwgmentsecond anti gen, wherein the
specific binding of the second antigen to said inmunoglobulin single

vari abl e domain increases_the half-life of the ligand in vivo. 181. A

mul ti - spedPfic Thf feand scenfpg & #y afwhiny Thisr U, wosremsidagas pamliye gatherins

wher ei N algenels@@idnt RREDEd 5th the WRp @onsI¥RA LTI 7| IFPBSNO B4 LRMIDPK odOMRI NS
specifically binds a first antigen, and wherein at |east one of said two

or nore non-i munogl obulin single variable domains specifically binds a

second antzhgena Whaed KlcBrdidQo SRAE T bC3DLRMiINGeQF cdclBefSARNE vAMbldRMainqs Sai d
non- i munogl obulin domain increases the half-life of "'the ligand in vivo.

182. The AefiaGamslidinpynoglopyimariagic domdizm 181, wherein the non-1g donain
conpri ses a non- immunogl obulin scaffold selected fromthe group consisting

of , CTLA-4 Ii%ocallin, SpA, G oEL and fibronectin.
80. he ligand according to claim 32 or 38 comprising at least one heavy chain variable

domain that does not contain one or more amino acids that are specific to Camelid

- immunoglobulin variable domains as compared to human Vy domains.

81. A method for producing a ligand according to any preceding claim, comprising a first
immunoglobulin single variable domain having a first binding specificity and a second single
immunoglobulin single variable domain having a second binding specificity, one or both of the
binding specificities being specific for a protein which increases the half-life of the ligand in vivo,
the method comprising the steps of:

(a) selecting a first variable domain by its ability to bind to a first epitope,

(b) selecting a second variable region by its ability to bind to a second epitope,

(c) combining the variable regions; and

(d) selecting the ligand by its ability to bind to said first and second epitopes; wherein, when said

_ variable domains are a heavy and a light chain variable domain, the heavy chain variable domain




183. The nultispecific ligand of claim 181, wherein said - | obulin
scaffold is the B domain of staphylococcal protein A 1§gggﬁ%fggy£b%g

mul ti-specific Iigand of claim 180, wherein said second antigen is serum

al bunin, and wherein one of said two or*fore domains specifically binds an
epi t ope of; I | Bl W n equilibriumdissociation constant (Kd) of
| ess t han 1%§cﬁgalf£§o tagl%g%cghcmﬁi%& The multi-specific ligand of claim 180,
wherein said |igand conprises three immunoglobulin variable donains,
wherein o of | .EEEU]_‘&%@' L L-ahl. i o £ Lads
serum al btr}?ﬁ n v/\f %ﬂg&}] equl itﬁgkﬁt%lmﬂdyfg%%lg?!gtgﬁgsgU%lgﬁgtdgﬁﬁg?%&e&gé %O}lgglgﬁ han
or equal teepiQ6t Mivppelig 8bsemive! andmilensgeney farigbledogmaid. of cl ai m 184, wherein
at least two of said variable domains are |inked by a peptide |inker. 187.
The multi-specific ligand of claim 186, wherein said peptide linker is

(G y4Ser) r$3- and mghed adeordingite cleial 8 wheteif sgdifitshwarigbls dpmeio mssseloetedifpr binding 2,

3, 4, 5, e i ' Al 84 . ein
said nult ?e-) g%degﬁ??‘gmr%ﬁgﬁ%gﬁg%ﬁ%f;ae%%ﬁoypﬁéﬁ {;&ﬁept I (}ghgrﬁ%?h{m%% %édclz@ﬁ er
2006 153 vagable domainyy ditferppiedm padd secopalrvdriafe dhnminn 184, wherein said

mul ti-specific ligand conprises nore than one pol ypeptide chain. 190. The
mul tispecific ligand of claim 184, wherein two of said two or nore

i munogl ol¥di i n Naicksigl ecidaercading afolsest s Wplesppdific dighyd oeedding tepinyopes of
serum al bym R wid,Rgan equilibriumdissociation constant (Kd) of |ess than
or equal to 300 nM 191. The multispecific ligand of claim 190, wherein two
of said two or nore inmmunoglobulin single variable domains are identical
and speci fgkcal | N : }; i i] LDk i i At 0

const ant (k). o PLRGeFREIT: AR ot BB pLRE bl c gt AP

¢l ai m 184 idophligddiynitssygfiepnegion pagges afd Haf B0 Gequkhaedistingotv a sea@neeTthel is at least

mul ti specifd I | ai m 184, wherein each of said two or nore domains
is ident i72§ﬁlogfﬁ%§§%et%?t§'cal | y binds serum al bum n, dissociating with a
Koff rate constant of |less than or equal to 5 x 10-1 S'1, as determ ned by
surface plggsno c . lo} . [M.1.84: i $ds Kd
ranges frgﬁi 5 % ﬁ%%%gcfoﬁ%%&%ﬁ% 811,%%@& n%%ﬁieﬁiélgﬂﬁéadg?d S%@%flﬁ %8%?{1\?\;1& ein
sai d Kd r adegilieds oty Saweng@on paget pofithg saquerge Nisting 962 sephenck ithgh isdat d¢asit T m
184, wher ghR sahdatiid. s | ess than 10-9 M 197. The nultispecific ligand of
claim 184, wherein at |east one of said domains which specifically binds
serumal bum n has an am no acid sequence that is at |east 80% identical to

the am no ‘8"?‘.Ci d ASERHENES é?:t:or%é"t(;rclginp@; Q@ﬁﬁl‘?s@lg the nucleic acid sequence of TAR1-27

identified by its sequence on page 4 of the sequénce listing or a sequence that is at least 70%

homologous thereto.

88. A nucleic acid according to claim 84, comprising the nucleic acid sequence of

TAR2-10 identified by its sequence:on page 2 of the sequence listing or a sequence that is at least
70% homologous thereto. -

89. A mucleic acid according to claim 84, comprising the nucleic acid sequence of
TAR2-10 identified by its sequence on page 2 of the sequence listing or a sequence that is at least

80% homologous thereto.
90. A nucleic acid according to claim 84, comprising the nucleic. acid sequence of
TAR2-5 identified by its sequence on page 1 of the sequence listing or a sequence that is at least

* - 70% homologous thereto,

91. . A mnucleic acid according to claim 84, comprising the nucleic acid sequence - of




198. The nultispecific ligand of claim 184, wherein at Igg t oqg of said
domai ns specifically bind human serum al bumi n and nouse 8 &St H#9i n.

199. The nultispecific |ligand of clain1% 4, wherein at |east one of said
domai ns which specifically binds ser uri*al buni n conprises a set of four
Kabat framawark; ' : [ e | A6 i ne
anti body gene fjs(lg&ﬁrrgir?tgn.B§ ét%gﬁﬁér“ﬁégﬁ?%éﬂd&fo p%hg@%@%ggsﬁ%%ﬂ%ﬁ%sﬁ% igq{/fl%ét
framewor k p%J@§Pg€@§dh¥$@n1the group consisting of DP47, DP38 and DP45. 28
Decenber 2006 154 201. The nultispecific ligand of claim 184, wherein at

| east one of said domamins which specifically binds serum al bum n conprises
a set of Pdur Kabisleld sithesserdias te glam §4.(PRpYising die qudeie acif spqygnesvé die by a
VKappa gefiddhiifa 1y sQpdke Q@ﬁ%rém%que&@%hat ERElehd: 9 HorRio s tlterd 1, -
wherein said Vkappa framework is DPK9. 203. The Iligand of claim 199,
wherein said set of four Kabat framework regi ons encoded by a mamualian

gernline agti body, SeNKiSLINRAL 1& OHRE k8 S mitRsihPthb in\iﬁei@ﬁiiﬁ'@ea%@ﬁc@ of MSA-26
204. 'The' | f 01,

substitutions_and/or deletions. igand of claim wherein said

 set of foldentifigddy i seayeise ikigueioon 8 setergdt Byt lgast Ahemelagoug Bered. ne
ant i body gene segnment conprises up to five amno acid substitutions and/or
del etions. 205. The |ligand of claim 188, wherein said set of four Kabat

f r amewor k *f-egi Snsclehepsiging juceic sithavarriing temyene oelaint $4/64Y- gene segnent
conprises up to ten am no acid substitutions and/or deletions. 206. The

| i gand of claim 201, wherein said set of four Kabat franmework regions
encoded by>a AaiF SOBENCT Hemafti Brlyr gepEisHEgrRRpOnNPeeaY 95 e t en
am no aci dxppeslish bof 48aPfeciB@éan.  del etions. 207. The ligand of claim 180,
wherein said ligand has a T %eta half-life of less than or equal to 21
days in vivo. 208. The ligand of claim 180, wherein said ligand has a T

beta hal f g f e AQfoS@ER Codi}Rhe Ave@StURLordife to2l@m@OUr s in vivo. 209. The |igand
i . .

of claim 180, wherein at |east one of said donains which specifically binds

the second antigen has an area under the curve (AUC) which is |less than or

equal to 600 nu/ I Mbortifg Py RRSSEIREO32 T rbrlugeidhefpyC! ai m 180, wherein
said ligand has a CGtermnal cysteine. 211. The ligand according to any one

of_clains 109, 122, 150, 167 or 180, mherein said domain does not conprise
a canel i doy/HH AngRdRRBLARM| dofpdsdioh 2BBri AR Pand according to any one of claims 32 to

80, and a pharmaceutically acceptable excipient, carrier or diluent.

99. A dual-specific ligand comprising a first immunoglobulin single variable domain having
binding specificity for serum albumin (SA), and a second immunoglobulin single variable domain
having binding specificity for an antigen selected from the group comsisting of EPO receptor,
ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin, Eotaxin-2,
Exodus-2, EpoR, _FGF-acidic, FGF-basic, fibroblast growth factor-10, FLT3 ligand, Fractalkine
(CX3C), GDNF, G-CSF, GM-CSF, GF-$1, insulin, IFN~y, IGF-L, IGFII, IL-1a, IL-1pB, IL-2, IL-3,
| IL-4, IL.-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a), IL-9, IL-10, 1L-11, IL-12, IL-13, IL-15, IL-16,
IL-17, IL-18 (IGIF), Inhibin o, Inhibin B, IP-10, keratinocyte growth factor-2 (KGF-2), KGF,
Leptin, LIF, Lymphotactin, Mullerian inhibitory substance, monocyte colony inhibitory factor,
monocyte attractant protein, M-CSF, MDC (67 a.a), MDC (69 a.a.), MCP-1 (MCAF), MCP-2,
MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.), MIG, MIP-lo, MIP-1B, MIP-3c, MIP-3p, MIP-4,
myeloid progenitor inhibitor factor-1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor, B-NGF,
'NT-3, NT4, Oncostatin M, PDGF-AA, PDGF;AB, PDGF-BB, PF-4, RANTES, SDF1a, SDF1B,
SCF, SCGF, stem cell factor (SCF), TARC, TGF-o, TGF-B, TGF-p2, TGF- B3, tumour necrosis
factor (TNF), TNF-o, TINF- B, TNF receptor I, TNF receptor I, TNIL-1, TPO, VEGF, VEGF
receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2, GRO/MGSA, GRO- B, GRO~y, HCC1, 1-




28 Decenber 2006 155 212. The |igand according to any on g qJ 109,

122, 124, 150, 167 or 180, wherein said |igand does not ??55 carel i d
innunoglobulin | i ght vari abl e domai n. %%§ The |igand of cIa|n1180 wherein
said at |east two of said i munogl obulin single variable domains are in a

cl osed confporpm@t i QTR GER Nald €40l ndi ng of one of said inmmunogl obulin
single variable domains by its cognate epitope causes the inhibition of

t he bi ndi ng of another of said imrunoglobulin single variable donains by

its cognat@oepif aRg spe%&:i% thﬁHEcdnipﬁ@ﬂQ aQrst (fllnfﬁbﬁﬂgiogghn whae %rﬁbf%adogxaﬁlt halvﬁQSt

two of said i mmunoglobulin single variable ddmains are in
conf or nat i HINEFeeeifGH Y forspramy hranin (5 Af andrieseesind sxammngﬁulﬁbgmgi%uﬁriawe §Plﬁ§ne

variabl e dgmj Bﬁdﬁ%u¢éc§icﬁpw%%@@htsaeaemﬁﬁ tﬁeogmdpr@ahmt&g% Reth oot her

of said inmunogl o in single variabl e domains Its cognate epitope.

215. A polPyeieiey EBekieRs, @ikBEIrergrion eIy aRinkizFne WC'CB%GHQ)DN& difg PIgeins. 122,
124, 150, 167 or 181, or conposition thereof. 216. A vector, or

conmposi tion thereof, conprising the nucleic acid according to claim214.

217. A vedPbr drew-thepificligand eomprising a firs impapoglobpkiy single yariblepsomeint heving
necessary thfling sbé'éﬁicﬁif %r%&%%lﬂ{m E‘ﬁﬂl)da 49800 d iR i uEldria®b domain

conp05|t|on t her eof rising vector of claim 2l 219. A conposition
conpri si néla‘élngbg%lﬂ@sp@wﬁa Obm@cmoréfpramcw@lﬂﬂebstedllzﬁaml%% 150, 167 or 180,
and an eXC|p|ent carrier or diluent. 220. A pharmaceutical conposition
conprisin igand of any one of clains 109, 122, 124, 150, 167 or 180,
and a pha %ceﬂ%?&éﬁnﬂyf‘aé@é’& K19 os 181 sbgieench of gherdirst apd sspongidomaias is - - -

------- ) 2B SR O4iaBROBmEE T C62003/ 002804 13 OCT 2003 p 3 Q
C4 au a(~~°j ~E aU a 55~4~~a Ha@ar x~x >npno O N(W Ual'l pF $t~;

a 8 X FQ~1)HFarlaghtL9hW|‘<nma@I= mginEE y V 19 ~HO wa H O> CCC-Q' NK E
40 i1 4 0fu9 au

103.  The ligand of any one of claims 99 to 102, wherein the anti-SA domain is as defined in

any one of claims 54, 55, 63 and 64.

104.  Nucleic acid comprising said nucleic acid sequences as defined in any one of

claims 84 to 93.

105. A vector comprising nucleic‘i acid according to claim 104.

106. A hogt cell comprising a vector according to claim 105.

107. A ligands according to any one of claims 99 to 103 for use in therapy.

108. A pharmaceutical composition comprising a ligand according to any one of claims 99 to

103 and a pharmaceutically acceptable excipient, carrier or diluent.

109. A ligand comprising a VH3 immunoglobulin single variable domain, wherein
said domain specifically serum albumin with an equilibrium dissociation constant (Kd) of less than
or equal to 300 nM. ' '

110. A ligand comprising a Vk immunoglobulin single variable domain, wherein said domain
specifically binds serum albumin with an equilibrium dissociation constant (Kd) of less than or
equal to 300 nM. '
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nab5aFQKH~c~HuU WHnNn7nHWG~ , pontl ell eg SUBSTI TUTE
SHEET ( RULE2.20”Dhe Z8arddast %ImEHOQ&Q@dima 10, wherein said ligand has a T beta half-life less than

or equal to 21 days in vivo.
113.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 300 nM to 5 pM.

114.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 5 x 10* M to 1 x 107
M.

115.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 5 x 10°* M to 1 x 10°
M.

116.  The ligand of claim 109 or claim 110, wherein said Kd is less than 10 M.

117.  The ligand of claim 109, or claim 110, wherein said domain dissociates from serum
albumin with a K¢ rate constant of less than or equal to 5 x 107 §7, as determined by surface

plasmon resonance.

118. The ligand of claim 109, wherein said domain has an amino acid sequence that is at least

80% identical to the ammo acid sequence of MSA-16 or MSA-26.

119. The ligand of claim 109 or claim 110, wherein said domain specifically binds human

serum albumin and mouse serum albumin.

120.  The ligand of claim 109 or claim 110, wherein said domain and or said ligand has a C-

terminal cysteine.

121.  The ligand of claim 109 or claim 110, wherein said ligand further comprises one or more

entities selected from the group consisting of a label, a tag and a drug.

122. A ligand comprising an immunoglobulin single variable domain, wherein said
domain specifically binds serum albumin and wherein said domain comprises a set of
four Kabat framework regions (FRs), said set being encoded by a VH3 framework
germline antibody gene segment. '
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123.  The ligand of claim 122, wherein said VH3 framework is selected from the group
consisting of DP47, DP38 and DP45,

124. A ligand comprising an immunoglobulin single variable domain, wherein said
domain specifically binds serum albumin and wherein said domain comprises a set of
four Kabat framework regions (FRs), said set being encoded by a Vkappa framework
germline antibody gene segment.

125.  The ligand of claim 124, wherein said Vkappa is DPK9.

126.  The ligand of claim 122, wherein said set of four Kabat framework regions encoded by a
mammalian germiine antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

127.  The ligand of claim 122, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions.

128.  The ligand of claim 122, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

129.  The ligand of claim 122, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.

130.  Theligand of claim 122, wherein said domain has an area under the curve (AUC) which is

less than or equal to 600 mg/min/ml in a mouse.

131.  The ligand of claim 122, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) ranging from 300 nM to 5 pmol.

132.  The ligand of claim 122, wherein said domain specifically binds serum albumin

with an equilibrium dissociation constant (Kd) ranging from 5 x 10™* M to 1 x 10° M.

133.  The ligand of claim 122, wherein said domain specifically binds seram albumin with an

equilibrium dissociation constant (Kd) ranging from 5 x 10 M to 10” M.
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136.  The ligand of claim 124, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

137.  The ligand of claim 124, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions.

[38.  The ligand of claim 124, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

139.  The ligand of claim 124, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vive.

- 140.  The ligand of claim 124, wherein said domain has an area under the curve (AUC) which is

less than or equal to 600 mg/min/ml in a mouse.

141.  The ligand of claim 124, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) ranging from 300 nM to 5 pmol.

142, The ligand of claim 124, wherein said domain specifically binds serum albumin with an

| equilibrium dissociation constant (Kd) ranging from 5 x 10* M to 1 x 105 M.
143.  The ligand of claim 124, wherein said domain specifically binds serum albumin with an
equilibrium  dissociation  constant (Kd) ranging from 5 x 10* M to

1x10° M.

144.  The ligand of claim 124, wherein said domain specifically binds sérum albumin with an

equilibrium dissociation constant (Kd) is less than 10 M.

145.  The ligand of claim 124, wherein said domain dissociates from serum albumin with a Koff
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albumin and mouse serum albumin.

148.  The ligand of claim 122, wherein said domain and/or said ligand has a C-terminal

cysteine.

149.  The ligand of claim 122, wherein said ligand further comprises one or more entities

selected from the group consisting of a label, a tag and a drug.

150. A ligand comprising an epitope binding domain, wherein said epitope binding
domain specifically binds serum albumin and comprises a non-immunoglobulin scaffold and
comprises CDR1, CDR2 and CDR3 regions, wherein wherein at Ieast one of said CDR1, CDR2

and CDR3 regions is from a human immunoglobulin single variable domain.

151.  The ligand of claim 150, wherein said non-immunoglobulin scaffold is selected from the

'group consisting of CTLA-4, lipocallin, SpA, GroEL and fibronectin.

152.  The ligand of claim 150, wherein said non-immunoglobulin scaffold is the B

domain of staphylococcal protein A.

153.  The ligand of claim 150, wherein said non-immunoglobulin scaffold is

- CTLA-4.

154.  The ligand of claim 150, wherein said CDR1, CDR2 and CDR3 regions are each from a

human immunoglobulin single variable domain.

155.  The ligand of claim 1354, wherein said human immunoglobulin single variable

domain is a VH3 domain.

156.  The ligand of claim 150, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.
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J @ @a Ibumin with an equilibrium dlssomauon constant (Kd) of is less than or equal to 300nM.

159.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 300 nM to 5 pM.

160. 'The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 5 x 10*Mto 1 x 10° M.

161.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 5 x 10* M to 1 x 10° M.

162.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) of less than 10 M.

163. The ligand of claim 150, wherein said domain dissociates from serum albumin
with a K rate constant of less-than or equal to 5 x 107 S, as determined by surface

plasmon resonance.

164. The ligand of claim 150, wherein said domain specifically binds human serum

albumin and mouse serum albumin..

165. The ligand of claim 150, wherein said domain and/or said ligand has a C-terminal

cysteine.

166.  The ligand of claim 150, wherein said ligand further comprises one or fnore entities

selected from the group consisting of a label, a tag and a drug.

167.  The ligand of any one of claims 109, 122, 124 and 150, further comprising one or more

domains capable of specifically binding a ligand other than serum albumin.

168.  The ligand of claim 167, wherein at least one of said one or more domains. capable of

specifically binding a ligand other than serum albumin is an immunoglobulin single variable
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170. The ligand of claim 167, wherein each of said domains capable of specifically

binding a ligand other than serum albumin binds a distinct epitope.
171.  The ligand of claim 170, wherein each distinct epitope is on the same antigen.
172,  The ligand of claim 170, wherein each distinct epitope is on a different antigen.

'173.  The ligand of claim 167, wherein said ligand further comprises one or more entities

* selected from the group consisting of a label, a tag, and a drug.

174.  The ligand of claim 167, wherein one of said one or more domains binds CD89, and

wherein another of said one or more domains binds a tumor associated antigen.
175.  The ligand of claim 167, wherein one of said one or more domains binds TNF.

176.  The ligand of claim 168, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope causes the inhibition of the binding of another of said

immunoglobulin single variable domains by its cognate epitope,

177.  The ligand of claim 168, wherein said at least two of said immunoglobulin single variable
domains are in a open conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope does not inhibit binding of another of said

immunoglobulin single variable domains by its cognate epitope.

178. The lig'c_md of any one of claims 109, 122, 124 and 150, further comprising at least one

additional immunoglobulin single variable domain capable of specifically binding serum albumin.

179.  The ligand of claim 178, further comprising at least one additional immunoglobulin single

variable domain capable of specifically binding TNFa.
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least one of said two or more non-immunoglobulin domains specifically binds a first antigen, and
wherein at least one of said two or more non-immunoglobulin single variable domains specifically
binds a second antigen, wherein the specific binding of the second antigen to said non-

immunoglobulin domain increases the half-life of the ligand in vivo.

182.  The multi-specific ligand of claim 181, wherein the non-Ig domain comprises a non-
immunoglobulin scaffold selected from the group consisting of, CTLA-4, lipocallin, SpA, GroEL

and fibronectin.

183.  The multispecific ligand of claim 181, wherein said non-immunoglobulin scaffold is the B

- domain of staphylococcal protein A.

184. The multi-specific ligand of claim 180, wherein said second antigen is serum
albumin, and wherein one of said two or more domains specifically binds an epitope of serum

albumin with an equilibrium dissociation constant (Kd) of less than or equal to 300 nM.

185. The multi-specific ligand of claim 180, wherein said ligand comprises three
immunoglobulin variable domains, wherein one of said immunoglobulin variable domains
specifically binds‘ serum albumin with an equilibrium dissociation constant (Kd) of less than or
equal to 300 nM.

186.  The multi-specific ligand of claim 184, wherein at least two of said variable domains are

linked by a peptide linker.

187.  The multi-specific ligand of claim 186, wherein said peptide linker is (Gly4Ser)n, and
wherein n is selected from the group consisting of 1, 2, 3, 4, 5, 6, 7 and 8.

- 188.  The multi-specific ligand of claim 184, wherein said multi-specific ligand comprises one

polypeptide chain.
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equilibrium dissociation constant (Kd) of less than or equal to 300 nM.

191.  The multispecific ligand of claim 190, wherein two of said two or more immunoglobulin
single variable domains are identical and specifically bind serum albumin with an equilibrium

dissociation constant {Kd) of less than or equal to 300 nM.
192, The multispecific of claim 184, wherein said Kd ranges from 300 1M to 5 pM.

193.  The muiltispecific ligand of claim 184, wherein each of said two or more domains is
identical and specifically binds serum albumin, dissociating with a K rate constant of less than or

equal to 5 x 107 $7, as determined by surface plasmon resonance.

194.  The ligand of claim 184, wherein said Kd ranges from 5 x 10 M to 1 x 10> M.

195.  The ligand of claim 184, wherein said Kd ranges from 5 x 10* Mto 1 x 10° M.

.196. The ligand of claim 184, wherein said Kd is less than 10° M.

197. The multispecific ligand of claim 184, wherein at least one of said domains which
specifically binds serum albumin has an amino acid sequence that is at least 80%

identical to the amino acid sequence of MSA-16 or MSA-26.

198, The multispecific ligand of claim 184, wherein at least one of said domains

specifically bind human serum albumin and mouse serum albumin.

199.  The multispecific ligand of claim 184, wherein at least one of said domains which
specifically binds serum albumin comprises a set of four Kabat framework regions (FRs), said set

being encoded by a VH3 germline antibody gene segment.

200.  The ligand of claim 199, wherein said VH3 framework is selected from the group
consisting of DP47, DP38 and DP45.
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deletions.

204.  The ligand of claim 201, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

205.  The ligand of claim 188, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions.

206.  The ligand of claim 201, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions.

207.  The ligand of claim 180, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

208.  The ligand of claim 180, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.

209.  The ligand of claim 180, wherein at lcast one of said domains which specifically binds the
second antigen has an area under the curve (AUC) which is less than or equal to 600 mg/min/ml in
a mouse.

210.  The ligand of claim 180, wherein said ligand has a C-terminal cysteine.

211.  Theligand aécording to any one of claims 109, 122, 150, 167 or 180, wherein said domain

does not comprise a camelid VHH immunoglobulin variable domain.
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The ligand of claim 180, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single
. variable domains by its cognate epitope causes the inhibition of the binding of another of said

immunoglobulin single variable domains by its cognate epitope.
214.  The ligand of claim 180, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single

- variable domains by its cognate epitope does not inhibit binding of another of said

immunoglobulin single variable domains by its cognate epitope.

215. A polynucleotide encoding the ligand of any one of claims 109, 122, 124, 150, 167 or 181,

or composition thereof.
216. A vector, or composition thereof, comprising the nucleic acid according to claim 214. -

217. A vector according to claim 216, further comprising components necessary for

the expression of said ligand.
218.  Ahost cell or composition thereof, comprising the vector of claim 217.

219. A composition comprising a ligand of any one of claims 109, 122, 124, 150,.167 or 180,

and an excipient, carrier or diluent. -

220. A pharmaceutical composition comprising a ligand of any one of claims 109, 122, 124,

- 150, 167 or 180, and a pharmaceutically acceptable excipient, carrier or diluent.
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